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ABSTRAC" . 

A project was organized to nnarniH^ztiirud £ad identify 
. basic varia-^ion^ in reading ability b^ its inrf3>:r^::cioiii jxTJce^siiig 
compon^rts. Focusing on three ma jor processing- j=^els :rr. 
reading-- —worfi a:ralysis, discourse analysis, ana :r:: -c^gr^irfLcni cf 
word/dir^ nur^te ana^lysis-- preliminary research Ldsiiidiiedi perxreptuai 
and cocrrriv^ skill components of readxng anid fcr^Bulatesil t^imigusE- 
for ' meaEisTrrirx: those skills. Based on d:H±a frca iEr mlqh ^>cixcol 
■studenlTH^ the measurements and statistical analyses uxiJjiat^iy 
focusec an elinht bc»sic components of reading: letrHex eikc^dtOjicr, 
multile^trer '^coding^ -^phoneiaic translation, lex±£::=L aee^sSr ^se of 
context:^ prerictive extrapolation of a disconrsera^p/T^feL-t^ti^ionr 
'sensitivity topicality in text, and semantic .rir^trii^^rEciOL of 
antecederts *"r.thin a discourse representation . iPaxxor a^ulyars 
evaluating thi9- nodel established the relaticnshi^: r>f szco r^J^c^fiing 
components tr c:onvent ional reading tests and to tr:.-:.ec: cog:i^4^rve . 
abilities. F^ssrch then was directed at develo^mg a. ca::s>^l model 
for the inte-r^ctions among the reading, componenits, yieidir.^ a nuaber 
of alternative Interactive theories. The proposed inuep-ejs.dc^^m efrect 
of a utoma ticrty^ at the word analysis level on discaarsi^ ip2::>^€ss±irg 
components was^ interpreted as supporting a resource sha^n^ urodel for 
process intera:<rtion. . (Sections, of this report describe rae^aeneral 
theoretical rr^mework of the project, the structurcLL 3}0:^ls'and ithe ; 
analysis of covariance structures, the ccmponen.tial anHijsi^ of 
reading skill^^„ analysis of component . interactions , anx rhis^ 
examination of: the reading ability construct.) (RL) 



>jc *** ******** 2^c=ai==^fc «* 5?C Jj^ 

* Reproductions supplied by EDRS are the best tiiat can tee made * 

* from the original . document./ '* 

**************3iiC********************************-^ 



y.S. DEPARTMENT OF EDUCATION 

NATIONAL liNSTITUTE OF EDUCATION 
* tOUCATIONAL RESOURCES INFORMATION 
• CENTER (ERIC) 
j( Tl»fv tlocumni': has buen reproilucotl ua 
rucoiviul trofn tt'to porson of o/oitniAition 
■ * ■•t)iitjiniitin(j It. 

Mitior (:h<ini)tis h.ivo beor^ rnatlo lo t'nprovo « 
;t)lMttrluctio«. tViflitV. 

■ ^ ■ • ■ 

• Pomti: t)t view Of opinions st37e<l «n this tlocu- 
rntifit tlo not mjcussiuily fopr«?«.«!nt oHicial NIE ^ 
po^.iV''iM or polii'.v 

Report 4 649 ' 



- A COMPCMENTIAL THEORY OF READING 
SKILLS AND THEIR INTERACTIONS 
John R. Freder iV'wSen 
Bolt ger.anek and Newman Inc. 
Final Report 
Aprn. 1981 



Final Report, Office of Naval Res^earch 
Contract No. N00014-7 6-C-0461 , ^-^ Contract 
Authority Identification Number NR-154-386. 
John R. Frederiksen, Principal Investigator. 



Running Head: / Components of Readincf 



* ■ , 

The research described herein was supported primarily 
by the Personnel and Training Research Programs, 
Psychological . Sciences Division, Office of Naval 
Research/' under Contract No. N00014'-76-C~0461 Contract 
Authority Identification-Number NR-154-386, and also hv 
the National Institute of Education under 'Contract No. 
HEW-NIE-C-400-7 6-0116. 

Reproduction in whole or part is permitted for any. 
purpose of the United States Government . 



Approved for publ ic release ; distr Ibution unlimited . 



ERRATUM 'SHEET 



The following corrections should be noted for BBN Report No. 4649V 

* ■ % 

entitled "A Coniponential Theory of Reading Skills and Their 
Interactions" by John R. Frederiksen: ' 



^ Page>68, Line 17 - Here, the parameters of 11 are rela'teii ... 
, Page 84, Erfnation 8 - . 



A- ■ 



(8) p(t,s) = 



^WiVip{L-ii')nEw.v.pk,^,) ; 



, [imw.w.p(l[.,i.)]!^(l+EEv.v.p(y.;yJ^ 



UNCLASSIFIED 



^BOIWITY CLASSlFiCATIQM OF THIS PAGE (Whna Dmlm Enl9t9d) 



REPORT DOCUMENTATION PAGE 


rv3SM> INSTRUCTIONS 
^ 9EcC«E COMPLETING FORM 


1 . TCPOUT NUMBC« GOVT JSrrii^lION NO. 

F':nal Report ' . I 


3. t^r^SnRfflffTrs CATALOG NUMBER 


1 " romponential Theory of Readinc 

I and Their Interactions * 


r/. -^-Mf^rirjarFrREPDRT ft PERIOD COVGRED 

^ ,,:::.v?^ . Report 


r '^ftJIVBaiRMINS ORG. REPORT NUMBER 

L^i) R?=Dort No\ 4649 




t „>^>^TRACT OR GRANT NUMBERfa) 


Jizim R. Frederiksen 


^Sff^dt)14— 76-C-0461 


5> 'VfSnFORMING ORGANIZATION NAME AND ACTRESS 

:~-nLT BEEANEK AND NEWMAN'* INC. 
"'^O Moulton Street 
l3inbridger Massachusetts 02138 


MU ^W^iQIffWWM ELEMENT. PROJECT. TASJC 
i *J»^Jm. VtOf^K UNIT NUMBERS 

-vi.V 13.4.-3 86^ 


' " CONTROLLING OFFICE N/SME.ANO ADORE5S 

Personnel and Training Resea^rch Pre, crams 
; Iff ice of Naval Research (Code 45£. 

- VL. J. J. 1 i ^ il f VJ.I.^J.llJ.Cl J. 1 


'^-^ -^"^fHlsrtKr DATE 

":rAprdl 1981 


tJMBER-jOF PAGES 


^ MONITORING AGENCY NAME ft AOORESSfl/ c/r7/arwir /ra« g:«>nrrollf«wairfc«; 


VsiCURJTY CLASS, fo/ thU report) 

X^CIIASSIFIED 




aECLASSlFlCATtON/OOWNGRAOlNG 

SCH^^DUi-E , ^ 


16. OiSTRIBUTION STATEMENT ro/»W«R«porO 




Approved for public relear^e; distrrrmtion u^jr-innite: . 


■17. DISTRIBUTION STATEMENT ro/ fAc abi fracl «nlcr»c/ M^JSii3cA.20. // cr:'^r«nr /f^ " . 

■ ' ■ 1 


SUPPLEMENTARY NOTES 

. - 


\ 

i ■ '■ 


f9. KEY WORDS (CoT,tlnum on tmr^ran aid9 U n9cm»a»ry, antHamzSssr^jtrjr boxck: number) 

Analysis of complex skills, Anal^rss^r of cmvariance structures. 
Cognitive processes in reading, Aiinrr^atrcity of"~processes, 
Process interactior.s , ComponentiaI::c^-alys±s , Reading skills, 
Ind±vidual differences in cognitiiz^x: recesses , Theory-based measurement. 
Confirmatory factor analysis. 


20. ABSTRACT (Contlnum on fcv«r«« •/tl« 1/ nme»a»«ry mnd Idmntliy^^^block numbtt) 

This research is "concerned with under£5t:anding and identifying the limits on 
reading ability imposed by def xciencie^r in basic information -processing 
components. During the first two years of this project, the work has 
identified perceptual and cognitive skiZii components of reading, and has 
formulated techniques for measuring thos: skills. A series of experiments 
has pinpointed poor readers' deficiencies in perceiving orthographic units, 
ir. phonological decoding, in using context in lexical identification, and 



DO 1 jJnm 1473 eomoN or 1 NOV •»!$ OBSOLETE UNCLASSIFIED 



»ECUP»ITY CLAJSir(CAT(ON OF THIS PACE flMiw D«(e Bnittmd) 



■ UNCLASSII (D 

SeCUWlTY CLASSIFICATlt;ii« OF THIS PAGE (Whmn Dmta Entmrmd) 



in extrapolatirvr discourse context to activate likely cr.^inepts in semantic 
memory. Other .Tie^asures have- focused on :aspect:s of dis:c!aarse processing, 
.particularly a. ; -r.-hey are utilized in understanding, ananiteric reference in 
a text. Studi::??^ of the effects of staging of ideas, tr::j.^..::alization, 
syntactic form , n. umber of available referents, and otiier -zext variables 
on subjects' pezfcrmance in comprehending amaphoric relijcrs^ce have led tc 
a provisional i -.^ of. rules used by reader:^, rn assignimr cext referents, 
and to the begi : ings of a theory for dr=::!r':2rse proces£:nQ. 

Some 20 measure of these and other procsiSiiss have beenv:relartad to eight 
basic componentr of -reading: lettc enco±riiq^, multiletissr .e~n;:noding, 
phonemic transiinrnrLon , lexical accesv -rj^- pxisdi: -rive extrapola- 

tion of a discourse representation ■iat±:!crity to itopxrali^. :in text, and 

semantic integr^inion. of antecedent: ^ "t: in a discourse repr^f^rnntation . 
Confirmatory maicimum-likelihood far^^ ■ jialysis has beejB^pr.^r^- ±o ^valuate 
the model, and established the rel . ^^ip of reading comiporH.nts to 
conventional reading tests and to . ::ognitive abilities , 

Research in the final year has bee dii rred at developing a causal model 
for the interactions among readim -omr, .^ts in establish±n.g overall 
levels of reading performance. U ng J^r- 'eskog's ACOVS (AnHiIysis of 
Covari^jice Structures) approach, . nuinhe_: of alternative i -tractive 
theories have been examined. In -he final theory, percep skills 
contmbute to efficient (automat: deccriing, wljiich in tv determines 
effi(3!^ncy of wc d recognition. efficient word recogniti is in turn the 
determining fac r in setting the lavel of efficiency in r ntext - 
utilization; the lower-level perc rual and decoding "comp. ents are 
correlated with measua^es of conter utilization only thrcorjfh their effect 
on . efficiency of lexicikl retrieve .Jhis is not the case ror components 
related to the analysis of discoc^s.'* Skill levels 'in seiisitivity to 
topicality and semantic integratirn of antecedents are .bath determined 
directly by the levels of perceprri^l/decoding automata 

efficiency of wcrd recognition. :rhis independent effect of automaticity 

at the word analysis level On discourse processing components is interpretec 

as supporting a resource-sharing model for process interaction. 



UNCLASSIFIED - ' , 

SIECUWITY CLASSIFICATION OF THIS PACU C»h«n Data Ent»rad) 



TABLE OF CONTENTS 



Page 



GHHERAL THEORETICAL FRAMEWORK .5 

Measurement of Components^ 7 

Overview of Component Skills in Reading . ^ 11 

Word analysis processes .. . 12 

Discourse .analysis processes 13 

Integrative processes 13 

Fprms of Component Interaction 15 

Functionally-determined component 15 
'interactions ' ^ \ 

Nc5n-f unctional source^S£)f covar iation among 18 
/ ^ components' ' 



STRUCTURAL MODELS AND THE ANftJ:.YSIS OP COVARIANCE 19. 
STRUCTURES ' ' 

• ,f ■ • •■ . 

Evaluating the measurement model 2'2 

Testing structural models 22 

V Testing Background Correlations among Components^ 24 



COMPONENTIAL ANALYSIS OF READING SKILLS 26 

Subjects ' 26 - 

Characteristics of the Reading Components Battery • 27 

' _ ; The measurement model for word .analysis 27 
tasks 

The measurement model for discourse analysis 38 
processes 

^> The measurement model^for 'context 48 

. utilization .(integrative) tasks • . - 

Summary , 61 , 



i 



6 



ANALYSIS OP COMPONENT INTERACTIONS 



Word Analysis Components 

Interactions with Higher-Order onnrponents 
Method of Analysis / 
Structural Models of CompQnent Interaction 



RELATIONSHIP OF READING COMPONENTS TO OTHER COGNITIVE 
FACTORS . . 



EXAMINATION OF THE READING ABILITT CONST^tDCT 

. Composite- Measures of Reading: Ability 

Componential Analysis of Rea.ffii:ng Tests 

Status of the Reading Ability Construct in 
Componential Theory* 



DISCUSSION 



Components of Reading 

, - ^ -ABSTRACT 

This research is concerned with understanding and 
identifying the limits on reading abilitv imposed by 
deficiencies in basic informatipn - processing 
components. ,. Dur ing " the f.irst two years of this oroject, 
the work has ideablfied perceptual, and cognitive skill 
components of reading, and has formulated techniques for 
measuring those skills^ A series of experiments has 
pinpointed poor readers" deficiencies- in perceiving 
orthographic units, In ohonological decoding, in using 
context in lexical identi f iQ^J.on> and in- extrapolating 
discourse ---context - to activate likely concepts in. 
semantic m.emory. ...,.pther measures have focused^ on aspects 
of discourse processing, n^rticularlv as thev •are- 
utilized in understanding anaphoric reference in a text. 
StudieG- of the effects.-, of stiaging of ideas, 
topicalizat ion, syntactic form, number . of available 
referents, and *other text variables on subnects" 
performance in comprehending anaphoric reference have 
led to a provisional set of rules :used by readers in 
assigning text referents, and to the beginnings.- of. a 
theory for discourse process ing . 

... ■ ■ . (. .' ' 

' Some 20 measures of these and other processes have 



o ' Components of Reading' 

been related to eight, basic -components of 
reading: letter encoding, multiletter encoding., 
phonemic translation, lexical access, use of context, 
predicfeive extrapolation of a discourse representation, 
sensitivity . to topicality in text, and semantic 
integration of antecedents, o within a discourse 
representation. Confirmatory *maximum-likeliho"od factor 
analysis has been used to -evaluate the model, and 
establish the rielat ionshio :'6f reading components to 

conventional rea'ding tests^ and to . o^her. cognit?ive 

\ 

abilities. . ' 

Research in the final year has. been directed at 

developing a causal model for the . interactions among 

reading compone nts in' establi-s-hing overall levels, of 

■J _ • ■ , 

reading performance. Us ihg Joreskog^'s ACOVS (Analysis 
of Govariance Structures) approach, a number ' of 
alternative interactive theories hve been examined. In 
the final theory, perceptual skills contribute to 
efficient (automatic) decoding , which in turn determines 
efficiency of word recognition. Efficient word 
recognition is in turn the determinina factor in ^setting 
the level of efficiency in context utilization; the 
lower-level perceptual and .decoding components are 
correlated with measures of .context utilization, only 
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X ; . ^ ■ ■ r ■ , 

through their, effect on efficiency of lexical retrieval. 
This is not the case for colmponents related to the 
analysis'of discourse. . v^kill levels in sensitivitv to* 
topicalitv and semantic integration of antecedents are 
*both \ determined' directly by the levels of 
perceotual/decoding automatici ty, as well as by 
efficiency of word recognition. This independent effect 
of automaticity at the word analysis level on discourse 
processing components is interpreted as supporting a 
resource-sharing model for process Interaction. 
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, ' Componen\:sp_f, ^Reading 

■ ' GENERAL ^THEORETICAL E^RAMEWORK 

/ 

A component lal theory of reading (or of any other 
complex pf=^r formance) attempts to identifv a set of 
functionally defined information processinq systems or 
components which, in interaction with . one another, 
accomplish the more complex performance --^ in this case, 
reading with comprehension. Component processes are 
defined bv the \types of data structures on whic.h they 
operate (the domai n or situation in \Ni;hich they operate) ,* 
and by the specific transformations of those r data 
structures that result (the function ' or action 
performed) J Components can ' be' thought of as 

corresponding ' to the production systems of Artificial 
Intelligence, which consist .of situation-action pairs 
(Winston,. 1979.| ^p. 144) . Productions '(and components) 
are, applied when their triggering' situations occur. 
Their actions alter^ the . internal dat^a structures and 
therefore set the stage for still other Productions. 
Pr:oduct ions components -.^ a're, in effect, always 

available for . use> and are „ autonlaticallv applied 
whenever their defining, input data structures make an 
appearance ."^^^ . 
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An advantage of production system theories is that 
no executive control processes need postulated . 

Components will be applied in sequences that are 

■ 1.. ■ 

determined by their pattern q.f interaction, ^as it is 
determined by their joint effects on a common internal 



data base. Thus, the controls over component operations 



ccjjnp 

reside in the specification of the situations in which 



•1 •■ ■ ■ ^- 



\ 
\ 



they are applied.' For example, \in the theory of 
reading, a decoding processes is pos tulated^, that has as 
input an orthographic array consisting of encoded 
letters or multiletter units.. This process applies 
grapheme-phoneme correspondence rules and results in a 
pronunciation for the input array; The process -cannot 
operate until its input situation occurs — namelv, 
letters and/or multiletter units have been .encoded . 
There is thus an automatic sequencing of processes for 
encoding orthographic units and decodrng. However, 
encoding oi multiletter units and encoding- of individual 
graphemes both require as input a set of visual* features 
distributee^ spatially. These* two components are, 
therefore, not sequentially organized. 

In a compbnential theory, readers may be thought of 
as differing in the degree, to which productions, or 
components, have become automated (cf. Schneider & 
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Shiffrin, 1977; Shiffrin & Schneider, 1977). Automatic 
p~r oce s s e's can bpe"ra te c d n c u rir e nrtl y with" otfreT" 
components, without degrading their efficiency of 
operation. In contrast , controlled (nonautomat ic) 
processes make demands on general, shared processing 
resources; when thev must operate concurrently with 
other processes, performance is degraded. A skilled 
reader possesses many, highly automated components, 
while a less skilled reader has a smaller number of such 
components, and those may be quantitatively less 
automated. However, the specific components that lack 
automation may vary considerably within the population 
0;f poorly skilled, yOung, adult readers. Thus, while 
readers may ' be reliably classified along a single 

" ' ' ■ CI 

dimension of "general \ reading ability," the actual 
sources of low tested ability may* vary considerably from 
reader to reader. 

Measurement of Components 

A definition of. a vjrocessing comoonent such as the 
one we have presented has immediate implications for the 
measurement , and thus the identif ica^tion , of components* 
as determiners of readers' oerformance. The precise 
specification of a domain of operation allows (a) the 
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P 

selection of a task 'which invokes the component and (b) 
the identification of stimulus variables whose 
manipulation will alter processing difficulty with 
respect to the designated component. Contrasts among 
task conditions can then be developed ^ that represent the 
degree to which performance is degraded as 
component-specific processing is rendered more 
difficult. Measures such as these are theory based and 
thus are susceptible to experimental validation or 
invalidation. Validity is established by showing that 
the manipulation of task difficulty has produced the 
predicted change in. performance. Component-specific 
„, Measures of individual performance are the values of' 
these contrasts obtained for individual^ subjects. 

Example ; : Encoding multi-letter units. • Consider 

f or exam ple, the process of encoding multiletter units. 

Unit detectors, are hypothesized to respond more readily 
(a) when units are of high " frequency within English 
orthography and .(b) when units are in: positions where 
they are normally likely to occur (Mason, 1975? Mason & 
Katz, 1976). Accord ingly, an experiment was carried out 
testing, the effects of these variables on a subject ''s 
speed in encoding 'and reporting multiletter units. The 

't 

display conditions were arranged to ensure that- 
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efficient perceptual " processing would be required for 

task performance while . at the same time allowing 

manipulation of these var iables . Stimuli were 

four-letter items, preceded, and followed by a 300 msec 

pattern mask, allowing an exposure duration of 100 msec. 

While on a third of trials the items were four-letter, 

common^ Engl ish words, on the remaining trials, two of 

the four letters v;ere masked continuouslv during the 

exposure , allowing only a single letter pair (a bigram) 

to be available for encoding. The critical bigrams were 

of either high or low frequency (T > 260 or T < 75 in 

■ ■■' { ■ ■ " 

the Mayzner & TressaujLt, 1965, tables), of high or low 

: - V ■ ^ ■■ . . ■ 

positional likelihood-, (with a priori conditional 

probajDil j t ies of being preisented in the tested position, 

P [Position/Bigram] > .55 or < .10),. and were presented 

in, either the initial, middle, or final position within 

the array. The subject^s task was to report all letters 

as soon, as poss^ible. ^ 

. For the least skilled readers (those who scored 
below the 48th percentile on the Nelson-Denny Reading 
Test) , . performance was found to depend ^ upon the 
frequency and ' positional likelihood of the stimulus 
bigrams, as had been predicted. For ttiese subjects, 
high-frequency bigrams were encocjed ^ an average of 41 
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I . " .. . ■ 

msec faster than were low-f requencv bigrams, and initial 
bi.grams were encoded 39 msec faster when they were 
likely to appear in that position than when they were 
unlikely to appear there. . Comparable figures for a 
middle group of readers ^ ( scor ing between the 48th and 
77th percentiles) were' 35 msec and 20 msec, while those 
for a high-ability group (scoring at or above the 85th 
percentile) were essentially zero — .3 msec and 4.2 
msec. The experimental variables thus had the predicted 
effects on performance, particularly for those readers 
who were least ^ likely to have automated perceptual 
skills for encoding multiletter orthographic units. 

When, as in this example, mean performance for the 
various task conditions has followed the predicted 
pattern, a second criterion for validation of. the 
component .can ^ be applied. - This criterion setves the 
purpose ofi establishing that individuals differ reliably 
in measured levels of performance oh the given 
component, e^en when alternative measurement operations 
— that are in theory equivalent — are employed. Jn 
this next step, two or more contrasts. . among task 
conditions are. chosen that (a) are experimentally 
independent and (b) produce changes in processing 
difficulty with respect - to the particular component. 



^ Components of Reading 

These contrasts/ calculated for the individual subject, . 
constitute alternative indices of component-specific 
performance. As such/ thev must show construct 

validity ; they must be positively CQrrelated with one 
another (convergent validity) , and at the same time show 
consistent patterns of correlation, or lack of 
correlation, with measures of other components 
(discriminant validity) . The theory tljus generates an 
explicit hvpothesis about the componentiaV complexitv or 
structure for a set of measures, and th\is hypothesis 
(termed a measurement ^-ntr ^elU is amenable to statistical 
evaluation through rhe use of confirmatory 
maximum-likelihood factox analysis. ^ 

Overview of Component Skills in Reading 

The . " two methods for validation of 

component-specific measures — verifying effects of task 
manipulations on. task difficulty and the analri^sis of 
correlations among measures in fitting a measurement 
model— have been applied: in three major processing 
areas in reading. In Figure 1 :.:these three major 
processing levels are described and theii^^ irtter relations 
represented. The unit "of informational analysis . is ' the 
single fixation, which makes available for processing a 
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set of words or phrases. At the moment of fixation, the 
reader has available to applv to the information 
obtained within the fixation (a) a set of word analysis 
processes , (b) a discourse- model generated from previous 
text by discourse analysis processes , and'^(c) an ability 
to combine information from word and discourse sources 
by what we term integrative processes . As : indicated in., 
the figure, we suggest a set of component processes^Lhat^ 
constitute each category. 

Insert Figure 1 about here 

Word Analysis Processes 

/ ■ ■ ■ 

Word analysis - includes processing components 
involved in the perception . of single-letter and 
multilettex orthographic units, the translation of 
orthographic information into a phonological 
representation, the assignment '^of appropriate speech 
patterns to such translated units (e.g., stress, pitch, 
contour) , and the; depth of processing in retrieving 
lexical ' categories'. Note that the- . d'ef ihing 

characteristics of these word analysis processes is. that 
.they are all limited to" processing .information available 
within a single word. 
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Discourse Analysis Processes 

Discourse analysis processes are used for analyzing 

,■•1 

lexical and structural information at the text level 
( rather than at the word level) for the purpose of 
constructing a • text model that represents the reader'^s 
understanding. These component processes include 
retrieving and integrating word meanings , construct ing a 
"pTopos i t vona 1' — ba se- -(-includ-i-ng — a na ly sis-of- nou n_g r oups_^ 
and establishing' case relations), analyzing cohesive 
relations among sentences or Dropositions, resolvinq 
problems of reference (anaohora and cataphora)^ 
construc^ting inferential elaboration of. the text 
structur,e, and re1Lating__ the text ; structa^re ; to prior 
knowledge of the subject matterT?^?^ 

Integrative Processes « 

At the moment of visual fixation, the reader has 
available*' (a) perceptual/ phonological/ and structural 
information about lexical items, included in the 
fixation, and (b) semantic/ conceptual, and pragmatic 
knowledge. ..resulting /from the' analysis of ? prior 
discourse. Integrative processes permit^ the reader ' to 
combine . information from - thes>e multiple sources/ 
yvieiding a set/ of lexical identifications ' for the 
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fixated items. The .components of the integrative 

processes are directly related to the sources of 

available information. They include the extrapolation 

of the discourse model in terms of generating 

semantic-syntactic forms which can be expected to occur 

in the text to follow, and • the utilization of this 

information — this pre-act ivat ion of nodes within 

memory -/^ so as to more readily^ make lexical 

ident if-ications. The generative process may, in a 

skilled reader, resemble the spread of activation 

postulated, by Collins and fiOftus (1975).' The 

integrative utilization of perceptual and semantic 

■ ■ ■ ' / ■ ■ ' ■ 

information. . requires a mechanism sucli as the logogen, 

. postulated by Mortofi\ (1969) . 



,In Figure 1, we have attempted, to 'show how a 
capability for integrative processing, can iead— "to 
improvement in efficiency pf processing wHthin botfe the 
word analysis and discourse analysis categories. For. 
'example, by using semantic constraints , 'the amount of; 
orthographic encoding and analysis required for word 
recognition could be. reduced, and the tendency to encode 
^phrasal units could be ^increased. In addition, 
success . in generating hypotheses regarding 

semant ifc^^yntact ic aspects of future text could increase' 
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the reader's confidence in the text model he or she has 
created. This in. turn could lead to an increase in the 
tendency of the reader to use a sampling strategy and to 
a decreaae . in the " amount of text required for 

establishing the adequacy of text analysis. 

./ . ■ ■ • ■ 

, Forms of„ -Comppnent Interaction 



Within or bet^veen these processing areas, 

0 • 

components can interact bv virtue of their effects on 
the common internal data base and their usage of shared 
processing resources. Together, these mechanisms 

provide for a ^number of functionally determined types of 
component interaction. These are listed in Table 1. 



Insert Table 1 about here 



Functionally Determined Component Interactions . 

' Data-linked components . Components" can. interact by 

virtue of their^operating on a common memory store. For. 

■ " . . ■ ... ^ 

example, two cdjnponents may require ^ common ' input 
•information structures, but otherwise. operate 
independently: . Such components are' linked through 
correlated input data . Other components may in their 
operation construct infjut data'', structures that are 
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needed by other coTTiponents . Their operation will thus 
determine the. usage of the later-occurring/proq,esses, so 

; that together the Components. form a processing 

— 

hierarchy. If. two processes run concurrently, but the 
second process improves in efficiency and quality of 
output as the first process runs further to completion/ 
___the_ processes are called cascaded processes Wcf. 
McClelland, 1978^r^_^^^^J[f Th^'^'ope^ration -of.^^ 
process depends upon" data structures ^created by -the 
first process running to completion (or to some fixed 
point), the processes are dependent s processes . Finally/ 
concurrent processes may both operate on a common data 
store, and if attendant changes in the data store caused 
by ; one process facilitate (or otherwise alter) the 
- operation of 'the other process, then the components are^^ 
mutually f acilitatory . 

. Process-linked components . ; Components . can also 
interact by virtue of their mutual dependence ..on the 
operation of other component processes; such components 
are termed process-linked components . For example, two 
components might require.' a common or _shared subprocess 
for their execution. . Alternatively,- two components 
might, be invoked by a single sli'ared control process . 
(This latter case ^is ^fo^rm^lly a \special case of 
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processes linked through 'correlated input data? here, of 
courser the., emphasis is on the third component; whicj. 
creates the required data structures.) 

Resource-linked components . h third form of 
functional interaction among components occurs when two 
or more components mu^t compete for common or shared 
processing resources . Such components are called 
r e sou rce-1 inked : components . Shared resources might 
include use of a limited-capacity processor , shared 
memory acce^s/retr iev.ai]L_channels / or limited caoacity 

working memory :(cf. Perfetti & Lesgold, 1977? 1979). 

) ' ■■ ■ • ' ^ . 

W.hen two. processes are- in competition for resources, 

- - ' " ■ ■ ■ '■ ' ' -■ ■ 

increases in the automaticitv of one process will free 

resources, for the .second process . :j 

... - . ■ /-'^■; ■ . , ■ ■ 

^Each of these types of functional^ interaction among 

■ .■ . » ■ ' 

■ ' . ' • , - ■■ J 

components. constitutes a possible source of correlation 

among .components. if componential' theory of reading 

is to be . complete, it must ^delineate the forms' of 

interaction among comppnen'ts, and thus account for 

correlation among measured components. _ Theories of 

component interaction "presented ^ as explicit 

hypotheses concerning the manner and nature of component 

interactions within' the processing system — can be 
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Stated and evaluated by defining a set of structural 
equations that account for the links among components. 
(Bentler, 1980, has. provided a clear account of 
structural equations and their use in psychological 
theory.) Estimation of parameters of these equations , 
as well as a test of goodness of. f it, ' are possible 
through an application of Joreskog^s ACOVS program 
(Joreskog, 19.70) , or by using LISREL (Joreskog Sorbom, 
1977) . - 

Nonfunctional Sources of Covayr iation among Components 

^ ^ .. ' . .. 

Beyond the functional sources of cpmponent 

... ' * ' ' ' 

interactions I have been describ^ing, there are other 

. ' ■ • ■ ''i ' * • ■- ■ - 

nonfunctional sources * of intercor relation among 

. > ' ^ . ■ . . . 

componients . These include borrelations due' to 

etiological factors — the circumstances under which' 
processing components arie acquired and other,^ 

biological factors. For example^ component reading, 
skills might be sequenced in instruction. Differential 
..access of pupils to effective learning environments, 
would ^qnstijtute , a second etiological source' of. 
sintercor relation among components. A . third 

nonfunctional source^ of process^ interaction, and 
probably the most controversial is the notion of a 
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general, biologicallv- ; de4?^rmine prop.ensitv , fot 
acquiring, certain . classes ' of component processed. 

Evidence for these etiological sources of reading skill. 

% ■■ ■ ' \ ' 

will be found in^^the pre^nAe of persistent background 
cor relatiorfs!^ ambkg components that remain after specific 
theoretically ; hypothesized and functionally determined 
interad'tions' .have been taken into account. . 



The statistAtJal procedures' . for' « analysis of 
•covariance' str.udtures allow us to verify the presence or 
absence of such background^ cor relatiOTis , By perini tting 
us. to fit\ alternative structural models that . bv 
hypothes.is / >3Jjajfe^ or . Jdisa^llow such background 

^covariation. As -^wi th any. statis.ticai test, the results 
will permit us . to ^ accept or reject the hvpQthesis of 
background intercorrelation among components, : or thev 

'/will indicate an inconclusive outcome, :;One in. which 

' ' . - .' ^ ' . . . • y """" ^ 

p-either'' conclusion is ^defensible-. - ' 

. " STRUCTURAL MODELS AND THE ANALYSIS . ^ 

r ' " . OF COVAR^ANCE STRUCTURES " 

' '^^ Components can , be cor related due' to any of. 'these 
. functional sources of interaction amdng processes, ' or to 

2 her nonfunctional, -etiological factors.. My piurpose 
re i<s to. show how hypotheses concerning ..component 
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interactions can be represented as a set of structural 
equations. These equations can be used to generate, in 
turn, a hypothesized covariance structure falling within 
the, family of models dealt with in Joreskog's Analysis 

\ot Covariance Structures (ACOVS) ' (Joreskog, -1970.) , or 

•LISREL (Joreskog & Sorbom, 1977), 

Since 1965, I have been intrigued with the 
...possibility of ufiinq confirmatory maximum-likelihood 
factor analysis as a tool for testing t*Heorj.es of human 
cognition. In particular, I ,have been interestedv^' in 
developj.ng . measurement^ svstems. whose theoretical 
underpinnincrs thoroughly 'constrain the parameters "of the 
second-order factor moSel: 

%s presen^Ced, for ejcample, by Joreskog (1970). jEn this 
equation, S denotes . the vaViance-covariance , matrix 
(usualTy the correlation matrix) for a set of 
componentially spec if-ic" measures. 6 contains parameters 
of the measurement model. Each row of B represents Ta 
single measure^ while the columns correspond to 
components or, in the older language, factors. A 

3. - 

nonzero entry m the - i^th row and /^th column of 
B indicates Vhat the measure i^ is, by . hypothesis;,-- 

determined at least in part by the level of skill "in 

^ ■* . . . 
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2 „, 

component ^j. Matrix 0 is a diagonal matrix, contairiing 
unique (or error) Variance associated with each of the 
measures. If we define 
/ ' (2) (t* = A(I)A' r ■ 
equation (l)'can be re-wrltten as 

(3) E = 3**3' + 0'r ' . / • 

where 4>* contains the / intercor relations among the 
measured components. This equation is that of a 
first-order factor model and is used in . testing a 

"V , 

hypothesized measurement model. Equation (2) relates 

■ ■ ) ' ■ ■ ■ • ^ 

intercor relations A among '^ipe.a'Stired components to 
parameters of the i^jiter act ive model. The specification 
of a structural model for component interactions leads 
to a series of constraints on the matrix ^ (How this 
is done will be described below.) The matrix <F^<:i5ptains^ 
background intercor relations among ccniponents, ^a'ft^> 

removing correlations due to theoretically prosc;?4b^.<3 . . 

' ' . . . ' v^*^- .... ■ 

component interactions. In summary^ eachy^^^f' the' 

matrices " in equation (1) corresponds to a different 

aspect of ' our problem: the relation of observed 

y.ariables to components in a measurement model (3)^ the . 

forms of component interaction as represented by a set ^ 

of structural equations (A) , and the preseri'ce of . 

background correlations among components .($) . By 
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constraining parameters within each of these matrices in 
the general model, one can test these different aspects 
of the componontial theory. 

t» . ■ ■ ' * 

, Evaluating the Measurement Model " 

Fixing parameters of 6^ while allowing the factors 

' I- 

measurements of components to ' f reelv 

intercorrelate (i.e., by regarding all ^elements of $* to 
be free parameters) permits us . to. test a measurement 
model. Comparative model fitting" is accomplished by 
varying the hypothesized structure of 3. No assumptions 
about component, interactions are necessary at" this 
stage. * ' . 

Testing Structural Models 

Measured performance on a component j (n ') .is 

resolved within the structural equation system into (a) 

that which is contributed by measured performance on': 

other components (n , k j-f j) , and" (b) that which is 

k ■ ■ '' 

contributed by unique . skill on the 2th component itself 

). These relationships are expressed in a linear 
j ■■ . . . ■ ^ 

structural equation relating performance on component j 

to each of these contributory sources: 



= ^Dk\ -^jjS 
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where 6 ^ 0 if component k does not directly influence 

performance on component and 6 0 wh^re specific 

jk 

interactions among components are postulated* After 
specifying the pattern of component interactions. — bv 
specifying j equations of form (4), the resulting set of 
equatior^s is rewritten so as. to express each of the ^^s 
(the unique components) as a linear function of the n's 
(the measured components) , These equations can then be 
combined in a single matrix equation: 
\ (5) d;^= An, ■ . ' 

\wheE:e D is a diagonal matrix whose 2th element is 6 f 

jj 

A is a square matrix haying diagonal elements 1 and off 
diagonal elements -6 f and c aod n are random vectors 

\. . ■ jk : ■ ■ ■ ■ ■ ^ •; 

r^epresenting unique and measured components, 



respectively.- Since in the factor model of equation (1) 
ensured components^ must be expressed as linear 
ombinations of unique components, equation (5) must be 
olved to give: 

4 (6) n = A^^D ^ = A^. • . 

Thusi . the- . parameters of the structural equation system 



^re related to those of the factor model by the relation 
= A\ D. The covar lances among the measured components 
ajre then given by 

(7) E(Ac;'A') = AE{;;')A' =A<I'A',, 
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where $ contains the covariances among unique 
components, 

' The structural model for component interactions is 
identifiable if elements of A and D (the 5's) are a 
computable function of the values in A, and if there are 
a sufficient number of fixed parameters in A to allow a 
unique solution. Identifiable models may be tested bv 
appropriately constraining the elements of A and us.inq 
ACOVS (Joreskog, 1970) to fit equation (1). . The 
estimates of free piTt^^^ters in A are .then, used to 
calculate the required values for the 6"s, 

Testing Background Correlations among Components 

Hypotheses concerning the presence of background 
correlations -among components can be evaluated by 
comparing a, model where the unique components are 

. ■ i 

uncorrelated ($ = I) with a model in which correlations 
are allowed ($ /I).. In performing these tests, the 
structure of 3 and of A is,, of course, determined by the 
measurement and structural models., If the model 
provides an. acceptable fit with $ = I, it may not be 
necessary to test the alternative model. 
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In the remainder of this paper, each of the steps I 
have described will be applied to 13ata obtained from 
studying, the components of reading. First, the 

measurement tasks developed for each of the three 
general skill areas will be described. For each skill 

domain^ the procedur.es for testing and fitting a 

' \> ■ * 

measurement model will be presented. The validity ; of 
the resulting measurement models will be established 
throug'h^comparative.^ model fitting. By testing a series 
of alternative measurement models which differ from the 
hypothesized model in par ticu;lar features , the critical 
•characteristics of a :v."correct" model are established. 
Finally, in a subsequent^'section .1 . will describe and 
^PPly the procedures for developing and ^testing 
structural . theories of ^ component interaction. 
Structural models will be presiented. first for the word 

analysis domain, and second, for the integrative and 

■■ . ■ ■ ■ ■ ■ , ' 

discourse analys is domains,' The status of "general 
reading ability" as a construej: will be evaluated in the 
light of these structural models. 
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COMPONENTIAL ANALYSIS OF READING SKILLS 

Subjects 

'" Subjects in this study were 48 high-school-age.. 
readers chosen to represent a wide range, of ability.. 
They were recruited from two. schools, an' inner-city 
school arid a suburban school. Subjects were selected J:o ' 
represent a'wide range of reading ability, as measured 
by percentile, ranks 6n the Nelson-Denny Reading Test. 
Each potential subject was ^ administered the .entire 
Nelson-Denny. Test': a vocabulary 'test, a timed . reading 
passage, and a series of comprehension--^ items.. Their 
total'. score was the sum of the vocabulary and' 
comprehension scores. The final distribution of total 
scores for fou-r subgroups^J^f 12 subjects was as follows: 

Group 1 (llth - .47th percentile) , 

. Group 2 (48th. - 77th percentile)^. 

Group 3 (85th - 97th; perceritile) , and 

Group 4 (98th - 99th perceritile or greater). 



Components of Reading 

' / . • * '27 ' 

p 

Characteristics of the Reading Com ponents Battery 

In the' course of eight experiments, conducted over 

the last three years (see Frederiksen, 1977;^' 1979; 

1980) , a series of .computer-administered tasks has been 

developed, each of which appears to meet the conditions 

we have set for component-specific measurement: (a) 

Each task clearlv involves processing associated with a 

specified component; (b) its design permits the 

manipulation of task characteristics in ways that will 

alter difficulty with respect to the involvement of the 

particular component; and (c) it has received 

■■ ■ • . ■ 

experimental validation in that mean performance has 

been shown to vary in ^ the predicted manner with changes 

in task characteristics. ^^The Reading Components Batterv 

is made up of a - subset* of the tasks and measures 

developed in l^he previous set of experiments?. The . 

tasks, and measures, are grouped under three general 

skill areas:. Word Analysis, Discourse Analysis, and- 

Context UtVlAzation. 

The Measurement Model for Word Analysis Tasks 

The experimental t^^glTs^^^^^trsedS^ studying' word 
analysis components are listed in Tablq 2, along with 
the measures' derived from each task. These measures 
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• t- .i; . • 

were chosen f or their comp6nentj al specificity, andxthe 

■ • '■/ ■ '% • ' ■ " \ 

components thev, represent , are also indicated in the 

table/ ..... ; ; _:x ■• • 

- \ / - ■ ' ■ ■ • . 
/ . 4 ./ . • . 

• ^7.7^ : : ^ 

/ Insert Table, 2 about here 



/. . Anagram identification task' . Subjects were 

presented with a briefly exposed f our-lejtter „ _stimu.lus„ 

array followed by a masking field. Stimuli were high 

frequencsy words (SALT), pseudowords (ETJ^A) , or 

unpronounqeable . nonword anagrams (RTNU) . N = . .1.6_.i tems- 
.. ■• . \ :■' ' ■ '/:'""'■: .. 

of each tyf)e were presented at each of 5 durations, 
ranging .from 5 to 45 msec. For each exposure, the 
number of c.brrectlv reported letters was measured (t,he 
order . of report was disregarded). • A loqit 

' transformatipn of the number of letters correct "^N , 

■ c 

log [N / (N-N )] ,' when, plot ted against exposure duration, 

• . c' c : . ^ . -, ■ 

yielded a linear function. Fitting straight lines to- 

CSS ■ . . 

this plot provided two descriptive-parameters: a 
location parameter and a slope parameter. The <jneasure 
employed' in the present analysis was the slope 
parame.ter: the rate of increase, in letter ' information 
encoded during an "anagram . display , measured in log'its 
per second. Rates of encoding anagrams were found ; to 
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differ for ..the four groups of readers. They vere 364, 
378, 406, and 443 logits/sec, jcespect ively, for the four 
reader groups, ordered from least skilled to most 
s kille d . ■ Sinne the anagrams xW^re-xandom— str-lngs— of- 



letters, this measure was interoreted as an index of 
letter encoding efficiency. 

' Letter matching task. This task was similar to the 
-letter^ — matching— tasl< — of — Posner — ^-(Posner — &-Mi tchell,- 
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1967). Subjects were presented 144 pairs of letters 
which were similar^ .in physical form (e.g. , AA, aa) , 
similar in name but not form (e.g., Aa), or. dissimilar 
(ad, AD, Ad).; Letters were presented for 50 msec, and 
subjects responded by pressing a "same" button when the 
letters were visually or nominally similar (AA, Aa) , and 
a "different" button otherwise..' The difference in 
?same"' reaction times (RTs) for nominally and physically 
similar .letter pairs (the "NI-PI" RT) has" been 
interpreted as a measure ^f . time for retrieval of a 
letter nanie, sinceNLn the visually similar. case subjects 
are thought to be responding on the basis of a rapid 
matching of visual fe^^ures (but, see Carroll, .Note 

p.- 163). This difference's calculated fpr each of our 

■ - ■ ■ . " \ ' - ■ • . ' ■ • ' 

^subjects.-. The means for .each of. the four ; reading 

groupsV again • in order of, ability, were 130, 114, 122, 

and 87 msec. 

. ^ ' . . . - 

■ ^ 3S 
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Bigram identification , Tlie bigram identification 
task has already been described in the section on the 
Measurement of Components, . above . In the context of 
aLttjemp_t.ing„to__enco,de_and, reppxt the letters' making up 
four-letter English words,, subjects . were presented 
displays in wliich onlf a single pair of .adjacent letters 
(a bigram) was visible; the other letters were masked by 
simultaneously presenting an overwriting masking 
dhaYac t"e"r On the s e -occ a s io n s — s u b j e c t s__r e po.rjte d_jojn 1^ 

the target bigram. Low-frequency bigrams were found to 
be more difficult .to encode than high-frequency bigrams, 
.as . measured by ..the. RT in reporting them. ■ Likewise, 
bigrams presented in unlikely locations within the array 
took longer to encode than/: bigrams presented in 
high-likelihood positions. ' These two" measures were 
interpreted as measures of a reader^s efficiency in 
encoding multiletter . unitS:;. J^arge RT ^differences 
indicate that the "bandwidth" of frequencies/positional 
likelihoods over .which a reader maintains efficient 
performance is', narrow. Small RT' differences' indicaite 
efficient performance over a wide range of stimulus* 
conditions. Finally, ai third measure was calculated: 
the increase 'in RT pet unit ,shift in bigram position 
from left to' right. This measure ot scanning time is 
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interpreted -'as potentially representing both comrjonents 
I and II, since high rates can in principle be achic«^ed 
when individual. letters are rapidly encoded and/or when 
multiletter units are rapidly encoded. 

Pseudoword pronunciation task. In this, task, 
(Subjects were presented 304 pseudowords which were 
derived from' a like number of words by changing one or 
more vowels. The pseudowords represent 19 orthographic 
forms (varying in length [4-6 letters], .number of 
sy 1 i ab ie s \ 2T7^^E^esence^f ~~ma r ke r-s ,--a nd_jvowel_t^^ 

[W vs. V]). There were 16 examples of each form, 2 for 
each of 8 initial phonemes. Mean onset latencies for 
pronouncing pseudowords were measured, along with the 
experimenter's judgment of correctness of . response. 
Thr-ee ; contrasts among orthographic forms were chosen on 
the basis of their presumed common ef f ec| 'on difficulty 
of decoding. These were the increases in_pnset latency 
brought about by (a) increasing pseudoword length from 4 
to 6 letters, (b) increasing the number of syllables 
from 1 to 2, and (c) replacing a single vowel with a 
digraph. (In manipulating any one of these variables, 
items • were counterbalanced with respect to the other, 
/factors.) The 'increases in decoding times were 
typically greatest for .the less able readers: for the 
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four groups of readers, length effects/ were 5S^, 37, 29, 

•and 13 msec, respectively? syllabTe effects were 114, 

/■ 

71, 53, ami 22 msec; and vowel complexity effects were 
44, 65, 49, and 25 msec. ^ Accordingly ^ each of these 
measures is regarde<3 as an index of decodina efficiency .* 

Word recognition task . This task is similar '.to the 
jpseudoword' pronunciation task, except for-, the 
substitution of 304 words'-for pseudowor.ds. , The stimuli 

included\ 152 high-,f requency words (SFI > 50; Carroll, 

/ ... 

Davies, & Richman, 1971) and a like number of low 
freguency words (SFI ^ 50) , The 152 weirds injeach group 
included^^^Ts^^^^r^rese^^ _of _^^^ch of ^ the . 19 

orthographic forms 'employed in the pseiTaoword 
pronunciation, task, and these 8 rspresentatlves were 
matched on initial phoneme with their pseudpword 
counterparts. I sought to construct a scale-free index 
of the degree of orthographic decoding in the context of 
word recognition. ' It was shown in prior research. 
(Freder ikseh. Note 2; -Note 3). that variability in onset 
latencies for decoding brought about by cnanqes in 
orthogra^phic form are reliable. This.^iattern of change 
iri RT fbr decoding pseudowor<5s can be thought^of; as a. 
"trace" of .the operation of a decoding process. -To the 
extent that similar changes in word recognition latency. 
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are found as orthographic form is similarly manipulated, 
we have evidence f . the operation of a decQ,drng process 
in word recognition. Our measure of depth of decoding 
in" word recognition is, therefore, the correlation 
{calculated for an . individual subject) of pean 
pseudoword* latencies for each of . the 19. orthographic 
forms with those for words which are matched in 
orthographic form. A high correlation indicates 
continued operation" of the decoding process and, thus, a 

high depth of orthographic analvsis in word recognition. 

■' ■ ^ . ■ ■ ■ ■ • 

A low or zero correlation indicates low depth of 
'decoding — that words are --xecoqnized on 'the basis of 

their visual form, per se. This measure of deoth of 

• ^ 

^^i^coding was calculated separately for high- and 
-Low^requency -words. Thqre were differences among the 
four, groups^^F~Teaders_J.n their reliance^ on decoding 
processes in word recognitiorrT^^ Mean^^orrelations for 
high-frequency wor^s were .42, .41, .35,- and .22 ^for. the 
four reader groups; the corresponding measure for 
low-frequency words were .38 , .37, .45., and .35. Thus, 
the evidence ^suggestp that, for a vocabulary * of 
highf-f requencyj English words, the . better readers are 
able to reducfe' ^ their dependence upon decoding processes 
^ below, the level iTequir^ed for low-frequency words while 



40 



ComDonents of Reading 
34 

the poorer readers are not. These correlations, for 
high- and for low-frequency words, constitute our 
measures of processing efficiency' in word recognition. 

Validation of the measuremerit model . The 
componfential interprietat ions offered for the 10 measures 
of word analysis detailed in Table 2 constitute an 
explicit hypothesis concerning the form of .Matrix B in 
Equa|5;ion 1, and as such constitute a measurement model. 
This hypothesis has been schematically represented , m 

Figure 2. ' Four, components are postulated: Component I, 

Letter . Encoding; Component II, Encoding Multiletter 

Units; Component III, Decoding; and Component IV, Word 

. t ' * ' ' ' .. > 

Recognition. The variables y through y^ stand for the 

- • 1 . 10 

^simiT.'arly numbered measures in Table 2. Performance on 

.a measure y determined by the skill level in one or 

- \ ' i ... . ^ . ^ . . 

more of the components, and by a unique or task-rspecif ic 

error factor' e . In' evaluating the measurement model,, a 

i ' ' , ' , 

free parameter is entered into Matrix B for each, link 

between a measure and a componeint shown in Figure 2, 

Following this procedure , the hypothesized cqmjponential 

structure is seen to, corre-ispond to the following 

hypothesized form for the Matrix B: 
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where V denotes a free parameter or variable to be 
estimated. In te,sting - this measurement model, no 
restrictions are placed on the correlations among the 
components (the matrix in .Equation 2). This 

hypothesized measurement model ' was tested, using 
Joreskog's. ACOVS program (J5reskog , van- Thillo, & 
Gruvaeus, Note .4) .^ The resulting value of chi-square 
(with 27 degrees of* fr,eedom) is 38.3, and £ = .073. 
Values of the fitted parameters are. presented in Figure 
2. (The standard errors of "these parameters averaged 
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Insert Figure 2 about, here 



While the hypothesized measurement model is judged 
to be sat isf actory f I wished to inves^^tigate . what 
features of the; model are critical and what features 
less critical in accounting for the correlations among 
measures. I thus set out to evalu.ate three alternative 
measurement models, each of which focused on a specific 
distinction among the components hypothesized uhcJer thie 
model I have presented. ' These alternati'\je models are 
described in Table 3, along with a teSt of each model 
against the. full four-component model of Figure 2. In 
the first • alternative, .measures y. through ^ 
regarded as indices of performance on ^a single 
perceptual encoding , component; .under this >model, a 
single perceptual system responds to single-letter and 
to multiletter ;units, and individuals who are efficient 
with one tyfje of unit are also efficient with, the 
second. As is indicated in Table 3, .this model is 
rejected, with x^'(4)*> 10.83\ p = .03. In the second 
alternative, model, the parsing of an orthographic array; 
into multiletter units and rule-based decoding of those 
units are regarded as two aspects of a single decoding 
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process. And again, individuals who are most capable , in 
encoding multiletter units will,aLso be the most capable 
at analyzing those units. This alternative^ is also 
rejected, with (4) = 17,89, £ = ,001. The third 
alternative model sought to investigate the distinction 
between efficiency in decoding- and in word recognition. 
In this model, efficient decoding of pseudowords and 
recogni^on of words involve the same' process: 
or^thographic decoding ol words in the same manner as 
pseudowords or, perhaps, decoding of pseudowords bt> 
analogy ' with similarly spelled words (Glushko, 1980), 
Again, the alternative model is "rejected, with X^/3V = 
9, 24, £ = ,03. 



Insert Table 3_ abou t here 



pur ^ conclusion is that each of the four comporjents 
hypothesized must be represented ,in the measurement 
model. These results do not ^ imply that the components 

■s - 

are independent. To test this possibility,, a fourth 

* ■' ' ' ' . 

alternative ^ model was fit,, which was similar to the 

^ ■• ' 

model in .Figure 2 save for,, the additional constraint 
that the /components are uncorreiated {I.e.,- that $ = I,).* 
The test of this hypothesis yielded x^(^) =12,62, with 
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£ = .05, ^ and again we are led to reject this 
alternative. In order to focus on where the most 
important intercomponent correlations are found I tested 
a fifth alternative in which the perceptual components I 
and II are independent*, and the perceptual components 
are correlated with the decoding component III but are 
independent of the word recognition component (IV).. 
This model is an acceptable alternative to the' original 
model,, with x^(3) = 2.95, and £ = .83. A more thorough 
analysis of component interactions, using the -..technique 
of building ,a structural equation system (alter native 
six) will be discussed in a later section of this paper. 
.For the \momentr I conclude that (a) each of the 
components represents a distinct source of expertise 
among readers, and . (b) there are. clearly* demonstrated 
correlations among components, indicating. the need for a 
theory of component interaction. c- . 

The Measurement Model for Discourse Analysis Processes . 

■ ■ ■■ '\ ■ ■ 

, Measures related to the processing of discourse are 

. " ' I : . \ / - ■ ' ■ . 

all drawn from an experimental study of anaphoric 

reference (Freder iksen,'' in press). ^T^he purpose. of this 

experiment < was. to identify t^xt character istics that 

.influence a reader'^'s difficulty bji resolving problems 

: ■ ' " , ■ ■ 45 ; 
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of/ specif ically, pronominal reference « In the process^ 
we hoped to* be, able to draw some inferences about the 
procedures used by readers in searching for . antecedents 
and selecting referents from prior text when a oronpun 
is encountered. The experimental task required subjects 
to read a series of test -passageSr one sentence at a 
time. To motivate them to read carefullYr subjects were 

:'s. ■ 

at times probed for the meaning (referent) associated 
with a ptonoun. This was accomplished by presenting an 
underscore to mark the probed item. - Whenever an 
underscore appeared,' the sub ject's.-task was* to supply 
(vocally) the correct referent noun "or noun phrase from 
the preceding text. The maj^or focus of the .study was 
not, however/- on the accuracy of performance in the 
probe task (the four reader groups did not di1|£er in 
their accuracy in \supplving referents) Abut rather on^ 
the time spent in processihq sentences containinq a 
pronoun or other referent ial item. More particutarly , 
we were, interested in .the changes in reading time that 
occurred as the dif f iculty ,..of the, reference problem was 
increased\ through manipulation of the structure of prior 
text. ' 

' The patterns of reading times obtained under a 
variety of text conditions supported a model having 



Components of Reading 

40 • . 

three distinguishable features: (a) When readers 
encounter a pronoun they retrieve from memory the 
available antecedents (nouns or noun phrases matching 
the pronoun in gender and number); (b) they evaluate 
tji^^^ antecedents within the- semantic or prepositional 
frame of the sentence^ containing the pronoun, using 
those semantic constraints that are present to select 
the correct referent; (c) soipe readers appear to adopt a 
strategy of assigning ^priority in testing' to antecedents 
that have topical status at the time the pronoun- is 
.encountered. For example ^ tppical status is higher for 
noun phrases appearing as the subject of a sentence 
(particularly the initial sentence of a paragraph) , than 
it is for predicate nouns. 

The choice of measures — contrasting sets of text 
conditions — for use in the present . studY----:was based 
upon this process ing__,mode:lT^^^^'T^so^ measures that^ 
while^beingTexperimentally independent of ^ one anoth^r^ 
would represent each • of these three qomponentsV 
Automatic assignment/ of a topicalized antecedent as 
referent (numbered VII within the final component list) ^ 
Semantic evaluation/integration . of antecedents Within. a 
current discourse' representation (numbered VIII) / and 
iSxhaustive retrieval of antecedents"" (numbered*^ IX) . '^^^ 
measures selected are described in Table 4. 
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Insert Table 4 about here 



The influence of topical status .of an antecedent on* 
the problem of reference was studied bv presenting 
two-sentence texts in which the initial sentence 
contained .-two antecedent noun phrases. (NPs) which both 
agreed in gender a,n6 number with a pronoun presented as 
the subject of. a second, target sentence. Reading times 
for the, target sentence were longer when th^ correct 
antecedent was- in-the predicate of.»the initial ^^sentefice 
than., when, it was the subject r -'i'TeTT'^^^ it/' was 
topicalized. This-^d'if f erence (the first ' measure in 
Tattle 4) is^ therefore interpreted as a , meas^uce of 
readers' sensitivity to topicality in assigning text 

• . ' . ■. . ;.. 

referents. i ' . 

In developing our second measure/ we were 
interested in the effect of^a prior, consistent use of 
the "^pronoun on reading times for a subsequent sentence 
containing ' the same pronoun^ In particular, we wanted 
to see if a pronoun, once assigned a referent , would 
automatically be given t^ie same referent when it was. 
repeated in a subsequent Sentence . The initial 
sentences—again contained 'two antecedents,, the first, of 
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which was referred to pronominally in the final 
sentence.., The second (intervening) sentence^, contained 
the same pronoun, occurr ing either as. subject or. within 
the predicate.^ The third^ sentence, as • before y-^beg an 
with the pronoun, used^^to^^ef*^^ antecedent. 
The results^^f^^^^ showed that pronouns . are 

nQt^ ^aU t om atically assigned' their previous referent when 
they are ' re-encountered in a text. ' Reading times 
depended .on the position of the pronoun "in the 
intervening sentence. Thev were longest when the 
intervening sentence began' with an alternative noun 
phrase and conta ined . the pronoun in the predicate; this 
'manipulation had the effect ' of reducing the topical 
status of the* antecedent referred to pronominally, and 
introduced a' new topic , — the subject of Sentence 2. 
Reading times were shortest when ^€he intervening 
sentence began with the pronoun, and thus maintained the 
topical status of the referent.. The difference in . 
reading times for these conditions is* thus taken as a 
measure of Component VII. It is also thought to involve 
Component 'VIII, due to the . need for subjects to 
efficiently evaluate and reject alternative antecedents 
when the pronoun is not\^ topical ized in Sentence 2. 
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When a pronoun (or other referential expression) is 
encountered, antecedents must be evaluated within the 

semantic context of the pronoun. One method I have used 

t. " - ... ^,1, ■ ' _ . . • 

to measure this" process of semantic evaluation has been 

to compare reading times for 'sentences containing 

collocative reference (reference to a previous^ lexical 

category, using a different lexical Hem; Halliday & 

Hasan, 1976, p. 284) with sentences in which ' the , problem 

of reference is made as trivial as^' possible ^by, simplv 

repeating the lexical item.. The former^ condition 

requires a reader to search his/her discourse model for 

lexical categbries that "are associated with the newly 

encountered lexical item, and to select from among those 

categories the ones that are semantically acceptable 

within the semantic context of the current sentence. 

Reading times f6r sentences containing collocative 

referencesO^ were longer . than those for sentences 

containing lexical repetitions , and I thus . use, this 

contrast (Measure '3) as > an index of skill in Component 

VIII. • ' 

A secQnd text manipulation was employed " to study 

tHe semantic evaluation' ' component: We generated 

< ■ • .. ■ • 

sentences that' ' were semantically .ambiguous in that' 
either of two antecedents appearing in the initial' 

:•' : ^ ' . 50 
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sentence would be semaht icallv acceptable, :Reading 
times for such semantically ambiguous sentences were 
substantially longer than were those for unambiguous 
sentences, reflecting . the ' fact that for ambiguous 
sentences it is difficult to decide which antecedent 
should be regarded as the" most mean^ingful. This 
difference in reading times (Measure 4) is thus taken to 
be a * function of a readers' speed in evaluating 
antecedents. However; it is also thought to be related 
to another factor, the readers' exhaustiveness in 
retrieving all.' available antecedents (postulated 
Component IX) . The rationale fo'r this interpretation is 
the following: If a reader retrieves only 'a sin^ile 
antecedent frbm^ the earlier' sentence, it will *be found 
to" be semantically acceptable withiij the current 
sentence cpntext, and no additional , time will be 
experided in searching, for ^alternative referents . It is 
only when two or. more referents are retrieved that the 
semantic, evaluation of antecedents becomes a difficult 
problem. .:X ' 

AnotherX text comparison was. . carried out that 
focused directly on readers' exhaustiveness in 
retrieving antecedents. >T compar eld texts in which the 
initial sentencfeX contained two antecedents with 
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alternative texts in which only a single antecedent was 

> 

present. In both cases, the correct referent for- the 
pronoun in Sentence 2 was the subject ^ (topic), of the 
initial sentence.' ^ Here I was comparing a situation in 
which there was a seniantically irreilevarit NP agreeing in 
gender and number with ^ the target pronoun against a 
situation in which there was^np additional MP agreeing 
with the pronoun. The results showed clearly that 



reading times for reading the target sentence were 
greater when a second potential referent was present in 

Sentence 1. Readers thus do appear to retrieve multiple 

antecedents. The fifth measure wasj- therefore 

interpreted as an index of exhaustiveness^b'f retrieval 

of antecederits rin solving problems of I pronominal 

reference. - . . f 



The final- text comparison (Measure . 6 )^''allowed us to 
test our componential analysis on a text condition in. 
which one cbmponent was expected to contribute to high 
performance while a/ second component was expected to 
hinder performance.' The texts began with 1 a sentence^ 
containing. I^two antecedent NPs and ended with a sentence 
ref err mg" pronommally • to the topicalized NjP in Sentence 
1. In on^' set of texts, the incorrect antecedent (the 
orie contained originally in the predicate of the first. 
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sentence) was used as the subject of a second 
intervening sentence, while in the control texts a 



to topicality 
ng an incorrect 



neutral sentence was used instead , as t^he intervening 
sentence. For readers who are sensitive 
of antecedents, the effect of topicalizili 
antecedent between the r.eferent and pronoiin wTlT be to 
increase reading times; , at the same. time, readers who 

are efficient in evaluating antecedents will more 

fit • ■ 

quickly reject the inappropriate antecedent and' discover 

. . . ■ V ■ . * ./ ■ « . - 

the correct referent. I thus predict that Measure 6 
will be negatively related' to Compon'erit. VII, and 
positively related to Component V-III. 

Validation of the measurement model. The 

^ r — — y 

hypdthesized componential analvsis.of the six measures 
deprived from the ^ndphoric' reference experiment is 
"represented schematically in Figure 3. This measurement 
model *provided an .acceptable fit to the matrix of 
intercor relations 'among measures, ^with (3) = 3.17^ £ ~ 
^37. The -three components of- this model can be regarded 
as independent, since a model constraining the component 
intercor relations to be zero could/ not be rejected 
(xM3] = 1.82, c2 = .61; see Table 5) . 
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Ir^se'rt Figure 3 about here 



.Since thi^ three-component model provides v^hat 



appears - to be/a. good\ f it , I set:'out to test, a series of 
alternative measurjement . models, in order to determine 
which are the critical\ features of the present model. 
The results of these alternative analyses are presented 
In Table 5. In the first alternative model, the 
distinction was dropped between Component VII , 
Sensitivity to Topicality /\ and Component VIII, Semantic 
Integration. We were Ted to reject, this alternative 
(X^[4] = lp.01> 2 = .04) , arid to conclude that 'these two 
comppnents must ' be distinguished in a componential ^ 
theory for. anaphoric .reference. In the second 
alternative model/ Retrieval of Multiple Antecedents 
(Component; IX) and Semantic Integration (Component VIII) 
]are * func^^ohally linked ai?d therefore form a single 

component'. This. modeT • cojuld not be rejectee^ when 

^ . . / ■: ' ' • ■ ' ■ " \- ' ■ 

compared ^^Ttti^the original, three-component model- (x^f3] 

= 1.97, p =^.58). Finally, in the third alternative 

mode/1, a . single component was postulated, (combining 



Components VII and • IX) which contrasted the automatic 



assignment" of topic as ' referent (VII) with the 

r ^ • / ■• / . ' ^ 

exhaustive retrieval of multiple antecedents (IX). T^his 
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model also could not be rejected, when compared with the 
original three-component model (here [2] = 2.04> p = 
.36) . I am forced to conclude' that the evidence 
available in . the intercor relations amonq our ./six 
measures is insufficient for establishing the separate 
status of component IX. For present purposes I. 
therefore adopted the second alternative considered 
above, and accepted the fact that there would be some 
ambiguity in the resulting measure of (VIII) Semantic 
Integration, namely/ the tenc^eney to .retrieve several 
antecedents that are the . subject of such a ^semantic 
evaluation. 



Insert Table 5 about here 



The Measurement Model for . Context Utilization 
(Integrative) ^Tasks 

■ ■ ' . . ■ -■ ( 

The integrative skills which have been postulated 
allow a reader to combine information contained in 
semantic and syntactic constrain.ts associated with a 
discourse context • with information contained in the 
orthographic ; code in a system . which efficiently 
recognizes words and phrases. Two components of these 
context utilization processes are (a)' activation of 
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semant ically related items in memory (the generative use 
of context),' and^ (b) use of contextual information to 
increase speedy of lexical identifications. ^The first 
component (numbered- Component VI) is iJ'ntended to 

contrast readers who are low in generative depth with 

■ ' • / ' • ' 

those who are capable o!c activating >a wide network of 

nodes in semantic memory, some of which may be strongly 

related to /context and others only moderately so. Hiqh 

skill in th/is component represents what Guilford has 

termed a^' "divergent production" abil ity . (Guilford , 

1967). The second component (numbered Component V) is 

.exemplified, at one extreme, by readers who emphasize 

speed of performance |over depth of search when reading 

in' context, and at the other extreme, by readers who 

emphasize depth of search over processing efficiency. 



Word recognitio n in sentence context . Measures 
developed for these context utilization components are 
drawli from two exper imerital tasks described, in Table 6. 
The \first / task is an extension of the Pseudoword and 
Word Decod/ing Tasks outlined in Table 2. In th^\ task, 

\ / ^ - ■ ■ 

subjects /are asked to pronounce target words that ^are 



either 



\t^ghtly or loosely constrained by a prior context\ 
sentenc^..^ For example, consider the following sentence, 
in whJc^h the final word has been deleted: 
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I reminded/her gently that this was something 
that she really should not " 



iTh-is senten'ce.^f rame allows the target word to be anv of 
a number of alternatives: buv, do, take , -see, re^d , 
-tell, and so forth. This sentence represents a 
moderately constrainJ.ng context . Contrast this .with the 
following sentence: 

Grandmother called ^the chil^sren to the sofa 
because she had quite a storv to ■> . . • . 

Here only a few v;ords remain that fit the sentence: 
tell , relate , present , and the like. This' sentence 

frame represents a highly constraining context. In the 

. \, ' . . . ■ -■ i • " ' . , 

presentvexper iment , 304 words were selected repriesenting 
2 frequency classes (high and low}, 19 orthographic 
forms, and 8 initial phonemes, as before. For eaclh 



word, two context sentences w^e created represent inq 
hiqh and moderate degrees of constraint, as illustrated 
above- The "constraining power^^^^^f these context 
sentences was scaled, in a prior .exper im^^it (Frederiksen, 
Note 3): high constraining contexts allowed an average 
of 7 words, (which was the estimated domain size^- while 
moderately constraining contexts allowed an avera^e^^f 
14 words. By compar ing Subjects' vocalization latencies 
/ ■■ " ■ ' ■ ■ • . •• 
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for words in highly and moderately constraining contexts 
with those for words and pseudowords presented in 
isolation, component-specific, measures of performance 
reflecting context utilization were derived. (For. a 
more detailed discussion of the experimental results, 
see Frederiksen, 1980; Note 3.) . 



Insert Table 6 about. here 



' The first two measures are the correlations of 
pseudoword vocalization latencies obtained for each of 
19 orthographic, forms with those for high-fre.guencv 
words presented in moderately constraining context 
(Measure 1), or for low-frequency words presented in 
highly constraining context . " Such correlations; it will 
be recalled, measure the ektent to which orthographic 
decoding similar to 'that involved in analyzing 
pseudowords--Tis--ope;rating-- as— subjects._:-vproc,ess_. . and 
pronounce English words. In general, the more highly 
skilled readers (Groups 3 and 4) showed lower 

involvement of orthographic decoding that did the poorer 
readers (Groups 1 and 2) . Mean correlations for the two^ 
former groups were .18 and .10 for words in moderately 
constraining context, and .16 and .09 for highly 
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constraining contexts, ^or the , two less skilled groups 
of readers, the means were^* .29 and .24 for the 
moderately constraining context , and .31 and .24 for the 
highly constraining context. The measures we have 
constructed. are \ hypothesized to represent two 
components: . (IV) General Efficiency in wor 

recognition, and (V) Increase in speed of word 
recognition with provision of a reliable context. These 
measures do not. involve Component VI, the Generative 
Capacity in context utilization, since in each case the 
target is a likely item for "that context. The relations 
of these measures to Component V are. negative since a 
strong emphasis on speed of responding should lead to a 
lower depth of decoding. 

Measures 3 and 4 are the differences in mean 
response latencies tor words presented in context arjd in 
isolation. Large values of: these measures indicate a 
large drop in processing time when a predictive context 
is provided. Small values /indicate a small decrease in 
speed of word recognition/ when\ context is supplied . The 
mean drop in RT when contextXis presented varied as a 
function of reading ability* The^\^mean reduction in RT 

for all words and context conditions was 88 msec. for 

•'•..[ • ■ ■■ ■ . " ■ 

readers in Group 1, 60 msec for Group 2, 49 msec for 
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Group 3, and 29 msec for Group' 4. These results were^ 
substantially the same, even when the target words were 
of low frequency and only a moderately constraining 
context was employed* Apparently> . it is the least 
skilled readers 'who are ■^most apt to increase their speed 
of responding when a predictive context is presented. 
Measures 3 and 4 are interpreted as representing the 
degree of emphasis placed by subjects on speed in 
applying context when identifying a highly predictable 
target (Component V). / 

Measurement of effective visual - span . The finaa 
experiment conducted within the Reading Componen/s : 
Battery was a study of readers^ effective visual span, 
. the- amount of information they could encode within/ a 
fixation,'. . in the presence and absence of a prior 
paragraph context. Effective visual span is defined as 
the distance, in character spaces , from the leftmost to 
the rightmost character encoded from a phrase presented 
tachistoscopically. Subjects were presented a passage 
of text (taken from the Degrees of Reading Power Test; 
State of New York, 1977) , but with the final 4 - 7 words 
of the final sentence missing. After reading the 
context passage, subjects pressed '^a response key to 
receive the final words of the passage, which vere 
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presented in a. brief (200 msec) exposure. Their task 
was to report as many words as they saw, in any order. 
'Controls were included to insure that subjects were 
fixating an indicated spot near the beginning of the 
test phrase, at the time the test words were presented. 
(The spot changed subtly during the 200 msec^ interval 
preceding the target, and subjects^ had to successfullv 
discriminate those changes by pressing a second response 
key . ) . . , , 

There were two major variables in the experiment: 
|J(^) presence or absence of the prior context passage an^d 
(b) order of presentation . of the words of th^ target 
phrase (normal or scrambled) . Thjjs, context effects 
the increments in effective visual span occuirrinq when a/ 
prior context passage is provided — could be measured; 
separately for the case where the target words were 
presented in an unpredictable sequence and where the 
target phrase was presented intact. . . 

^ There were clear differences among groups of 
readers in the context effects shown under these two 
test-phrase conditions. Less able' "readers showed . 
substantial benef its of passage context only- when the 
target words were presented in, a meaningful sequence. 
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The average effects of context f or \reader s. in Groups 1, 
2, arid 3 were 1.20, l,59v and 2.19 letter positions when 



€he test phrase was intact, but were only • 32 , .84, and 
..26 letter . positions when the test phrase was scrambled. 



in contrast, readers of high ability showed large 
context effects regardless ..of the condition of the test 
words. , For > the top group ,of readers; context effects 

■ ■ ■ ■ ■ ■ ' ■ \ ^ 

v^ere 2 . 57 letter positions when the tohrase was not 
scrambled, and 2.01 Tetter positions \ when the target 
phrase was scrambled. . The similarity ^in performance 
under these two conditions suggests that, for highly 

skilled readers, an. automatic sjDreading/^activation 

• . ■ , . * • 1 .■ ^ , 

process" is operating wKich renders semantically related 

concepts within the lexicon .mC)re accessib!L^,. ' 

■ . The measures derived from the. vjisual 'span 

■ ] ■ . ' ■ ■ • " • .• 

experiment are four in number. Measures^ 5 and 6 (in 

' ■ ^ • " \ " - ' 

Table 6) are the increases in visjaal span that occurred 

■ ' ^ ■ ^ ■ _ L [J 

when context was added, for the c~ase where'i the target 

• \ ■ 

words were presented in normal order. The two measures 
correspond to separate groups of t^ts, th^^Dse having 
high and low scaled readability; Measurj^s 5 and 6 ^are 



thought to depend primarily on the sixth cdmponeht I 
have postulated: Activation of semantically! related 
concepts in memory. However, sinie the target phrase is 
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presented in normal word order, I hypothesize that , 
Component VIII, Semantic integration within a discourse' 
model may also play a role .in determining, levels of 
performahcje on these ineasure?^. 

Measures 7. and 8 are also the values of context 

♦ ' ■ • . ■■ ' 

effects, again measured for high and.; low readabi],ity 
tests. Here, however, , the , target words been 
scrambled, ' Under the present interpretation of 

Component VI as an automatic ■ activation ^process, 
performance on.^ these measures will also depend upon/ the 
activation of semarit ically related concepts , However^ 
since in this case target words do not form meaningful 
sequences, they are processecJ individually , and speed in 
recognizing individual items that . . are cohtextually 
constrained will be advantageous. The speed factor is 
■not thought to be of importance when ^ the • target is a 
meaningful phrase, since in that case groups of words 
are processed together, as representatives of concepts, 
(Additional evidence for this distinction in size of 
processing units was found: ^ When test - phrases were 
scrambled, there was a- strong effect of. the number of 
words within a test phrase .on.-RT, When test phrases 
were intact, RT was independent of the number of words 
they happened to- contestin, ) ^ ' 
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Validation of the measurement model s ^T^he 
componential interpretation we have offered for each of 
the context utilization measures provides a basis for 
the specification of a"^ measurement model, shown in 
Figure 4./ Subjects performance with regard to'these 8 
measures ;is hypothesized . 'tq bie . determined by fotir 
reading . comporients: Two of thiese represent the context 
utilization^ skills, (V) Speed set in applying a^ 
predictive context, and (VI) Extrapolation of discourse 
context through^ activation • of semantically related items 
in memory. The other two components repr^esent processes 
in word analysis and discourse processing di:awn from our 
earlier studies. /These" are (IV) Efficiency of 
processing in word recQ.g nit ion, and (VIII) Semantic, 
integration within a .discourse, representation. ' For each 
of these components, two additional measures were 
selected from prior analysis, to provide unambiguous 
identification of these components. For Component _IV, 
Measures 9 and 10 were introduced, representing depth of 
decoding of high- and' of lowr frequency words presenteti- 
in isolation. Measures 11 and 12 were drawn from our 
prior analysis " of discourse processes in the Anaphoric 
Reference , Experiment. Measure 11 represents the 
increase in. reading time when a sentence containing 
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anaphora is ambiguous with regard to\ the selection of a 
referent.' Measure 12 represents the increase in reading, 
time for sentences containing a collocative reference to 
an earlier noun phrase, compared with sentences in which 
the reference problem is already "solved" '^fpr the reader 
— by simply repeating the antecedent noun p^rase..^ 



Insert Figure 4 about here v , 



■ '-. -■ ■ " ■ . . , \ 

Within Figure 4, hypo the s r^^ed,...__re^^ 

components and^^easures ' are represented 6y^-arj^*^ws, 

icient word recognition (IV) contributes to low depth 

of decoding for words of /high or low. frequency presented 

, either in context and ^ ) or in isolation (v and^^ 

V ) Efficiency in^emantic integration (VIII). leads 

^10 ^ 

to smaller increases in* reading time in solving problems 

-of anaphoric reference and ), ' and /to larger 

11 12. 

-measures - of visual span . when the target phrase is a 

meaningful word seqirence (y and Y ^ • Activation of 

^5 6 

discourse-related items within semantic memory (VI) 
leads to' increases in visual span when prior context, is 
included, regardless of whether . the target words are 



phrases (^ and ^ ) or scrambled' sequences (^ and V ) . 

5 . 6 . 7. 8 

Finailly, Speed set in applving .^ context (V) ' leads to 
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increases in ' speed of word recognition wh^n,. words are . 

predictable .from context (y and v ) , to increases in V 

3 . .;^4 • ^ ; 

under conditions where words are scrambled 



visual span 

(y and y ) r 

3 4 
is . provided 



and to lower depth of decoding when context 



The measurement 



(y and y ) • 
1 ~"2 

presented 'here was\fit using the ACOVS program, wtth nq 



model 



restrictions on intercor relation among components, The\ 
resulting value- of chi-square ' with 42 degrees of freedom 
was 45o8, .and £ = .316, When the component 
intercorrelations , were restricted ^ to be zero, the 
statistical lest yielded- X.^(6) = 11.77, p = ,07. 



possibility of component interactions is 
To" * explore ^ which components were 
allowed Components . 'IV ' and VIII and 
and VI to correlate with one another, and^ > 
fixed. all other intercorrelations at. zero. . ^ot this 
model,. . X^(4)' = 3.21, with 2 7 •52-. . Parameter estimates - 

for this- measurement model are the ones'^ displayed in. 

i ■ ' ■ . 

Figure 4 . 1 



Therefore, the 
considered, 
correlated, , IJ 



Components V 



/ 



While the measurement mode'l-'^hypothesiz^ here is 

clearly statistically acceptable^ I again tested several/; 

■■ j • . .- . /.[f 

alternative models in order to discover which^ features^^;^^^ 
.,of the hypothesized model are crucial and which are not. * 
Statistics resulting from this procedure are presented / 



/ 



/ 
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in Table 7. In the first altern-ative ittodel, Components 
VI and VIII ^ are combined into a single' /'Semanjiic 
Analysis" factor.' This resulted in (5) = 9.25, p ^ 
.10. Given the. face, validity <^f the measurement' 
operations employed to mark each of. these components, we ^ 
xeject this possible ' alteri^tive . . In the. second • 
a'ite.rnative itibdel. Components V ^and VI were combined in 
a single Context Utilization factor.. !Iere,'x^(5) =- * \ 
24.99, £ = .0001. -The evidence 'thus strongly suggests , 
■that activation of oontextu^lly related items ,in memorv- ' 
is distinct fi:6m the, use of such cons traihts * in reducing 
time for analysis of perceptual/otthbqraphic inf<5^rmat i.pn . 
contained in words. The:; significant negative 

correlation, between these icomponents (-.43\ indicates ' r • 
that readers who show the ' greatest depth . df - - 
^ context-determined activation within semantic memory 
show the smallest- reductions in word recognition time 
when a constraining context' is provided. Availability ' • 
of a large ' number of activated units in memory would - ' / 
seem to reduce the . opportunity for primarily 
context-based word recognition, since perceptual and 
orthographic information must be analyzed in order ,to' 
select among the nunferous alternativ.es. Conversely,' if 



the mecha;nism for extrapolating context is a sferial 



^7 
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predictive -syst'em , that generates only a few, 

. ■ ■ '■- ■ ■■■■ 

high-probability caindidate. items, then the opportunity 

for increasing speed in -word recognition (and 

'4 .. ' ' 

ciccumventing time-consuming decoding operations) will 

. 1 ■ 



be greater. 



Insert Table 7 about here 



g umniary 



was constructed. 



For purposes of s tifdying-componentinteract-ions , 

• . ' ' • _ ^ • /■.,■■■ ^ • . , ...'^ 

tiwenty varfables, were selected from those .de^cl^ibed in 
Tables 2, A, and 6, These variables, are listed in Table 
8.^ A single- measurement, model ^- — the combined 

measurement models developed for the • word analv,sis, 
discourse analysi^; and context utilization domains — 

It is represented ;:iy the hypothesized 
pattern of zeroes and nonzero j/arameters in the Matrix 
B, which is also given in Tabl^ 8. This model was ^fit 
using ACOVS., - with no restn: ict ions ^ on component (or 
factor) intercor relations. ' This yielded (133) = 
185.35, 2 =' .002o The ^average of standard errors of 
factor loadings was . 16./ /Note* that while the model can 



be' rejected on purely\ statis.tical grounds, it contains 
only 29 nonzero factor loadings in the Matrix B (out of 
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a possible ' 160) , and in all uses only 57 parameters to 
account for 190 int'ercor relations among variables. , This 
model is therefore adopted as the standard measurement 
model to be used in the study of interactions among 
reading components . 

Insert Table 8 about here 



Mciximum like.lihood estimates of • intercorrelations 
among the eight components are presented in Table 9. 
These correlations are attributable to two sources of 
covariation among components: functional interactions 
among components, and\ nonfunctional, etiological 
factors. . In the remainder of this paper, I shall 
examine, firsts the functional sources of correlation 
among components, as expressed in structural equation 
systems. After fitting- such interactive models , it will 
then be determined whether residual correlations remain 
among components that. require the postulatidn of other 
nonfunctional factors such as "general reading ability." 

\ / 

Insert Table 9 about here 

. . ■ ■ ■ ••■ ■' / ' 

. - • • ^ / 

■ .'■ • • i , 
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V 



ANALYSIS OF COMPONENT INTERACTIONS 



jAdapting the validated measurement models for each 
processing domain, I tested hypotheses y/iohcerning 
interactions amoi^g components. This was accomplished bv 
building a set. of structural equations descr-ibing— the 
hypothesized interactiions amon^q reading /. components, 



demonstrating ident if iability of, parameters, and testing 



the 



Structural model/ ^ by use of the ACOVS procedure 

. ■ - /. , ■ / . : 

(Joreskog, 1970), A chi-square test then allowed us to 
compare our structural models against/ the "null" case- 
where only the measurement model was specified and. all 
components were free to intercor relate with one another. 



Word' Analysis Components 



the 



The first application of this procedure concerned' 
Word Analysis\ domain, where, / on the basis of 



inter',cor relations o^ 10 variables, four components have 

\lomponents I, /ll. III, and IV 



been 1 identified: 



represent, respegt ively , the processes of Letter 
Recognition, ! Perceiving \Multiletter/ Units, Decoding, and 



Efficient Word Recognition (low depth of processing in 



word recognition) • 'In the interactive model. Components 

I and II both are hypothesi^ed to contr ibute to 

M ■ V ■ / , 

ef f icielnt , automatic decoding , : s ince the decoding 
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process requires" as input orthoqraphic information. 
Furthermore, availability of encoded multiletter units 
facilitates more efficient decoding, since the number of 
units to be processed will then be reduced. However, 
Components I and 1*1 are themselves hypothesized to be 
.independent^ since the^ input data structures thev 
require (visual features) are readily available for all 
readers. The effect of these perceptual components on 
word recognition (IV) is thought to be indirect, through 
their effect on decoding. Efficient decoding (HI) 
contributes to efficient word recognition (IV) by 
accelerating the availability of phonolog ically encoded 
units. Word recognition also has associated with it a* 
unique component representing tho abilitv to encode 
words directly ^on che basis of thei^* visual form. 
Finally, unique components of decoding . and word 
recognition are assumed to be independent. 

The structural model that incorporates these 
hypotheses concerning component;;s' interactions is 
presented in Figure 5. And in Table 10 I have shown the 
derivation of the factor matrix A relating measured 
components to unique components and : the methods, for 
estimating parameters. Since there arefewer parameters 
in D and A than unconstrained elements in A, the 
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structural model is overdetermined . An estimate of 

\ . • . ' . > 

nonfixed values in A was obtained using ACOVS. .The 
equations in (5) were then used -to estimate the 
6 parameters. These were in turn used to^ recalculate 
values for- A , A , and A using (4) in Table 10. The 



41 42 43 \ 

ACOVS model was then re-fit with 



fixed values in A/ to 



provide a value for the fully constrained model. 

This test yielded x ^ 1.88, p = '.17. 

1 



-Insert Figure 5 and Table 10 about here 

In this structural model, the two perceptual 
compcnents make independent contributions to decoding 
efficiency, and thus indirectly effect word recognition. 
Efficient word recognition is not directly related to 
the perceptual skills, but is strongly related (with r = 
.66) to efficient decoding. However, component-specific 
individual differences are the most important 
determiners of decoding and word recognition efficiency. 
Note finally that beyond these hypothesized functional 
interactions among components, there is no evidence of 
residual correlations among components. 
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Interactions with Higher-Level Components 

r' , ^ 

In this section, our problem is that' of modelling 
the relations^ of the low-level reading components to 
components of discourse processing, and to those 
involved in utilizing contextual ' information to guide 
lexical retrieval. - The procedure toe fitting and 
uesting a structural model of, component interaction, 
with modification, can be used to investigate the 
relations of high-level components to low-level word 
analysis components. 

Method of Analysis 

Theories of the interaction between high-level 
components (of context." utilization and discourse 
analysis) and low-level word analysis, components can be 
stated as systems of structural equations. These 
equations relate measured performance on particular, 
high-level components to measured performance- on (a)' 

other high-level components; and - (b) on the* four 

- ■ \ ' ■ • ■ ■ • 

word-analysisVcomponents. Since the goal is to estimate 

the path .coefficients (6 ''s) relating measured ^ 

ij 

components, it is not -necessary to simultaneously model 

» ■ . ■ . . - ? • 

the structural relations among the low-level, components. 

A fairly general structural model wh^ch illustrates the 
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properties of structural models we will actually be 
adopting is given in Table 11. In this . hypothetical 
model, word analysis components (numbered 1-4) are 
assumed to be correlated.. (This is due, it has already 
been seen, to component interactions that are indicated 
in the . f igur.e by dashed lines., The present model, 
.however, does not specify these relations.) In the 
modeljr performance on high-level Components 5 and * 6 • is 
determined by levels of skill on Components 3 and 4. 
Perfprmance on high-level Component 5 is determined, as_ 
well; by performance on anothier high-level component, 6. 
These two types of assumed relations^ among components 
are the types of relations we , Will be considering later 
in building our interactive models. 

. Insert Table 11 about here 

* • . . -- \ ■ • . ■ 

. • The structural equa*:ion system corresponding to 
this^model is preisented in Table 11, along with a 
derivation of the factor mat rix . A, expressed in terms of 
the, model parameters ~ the path coefficient? -(6 .''s) . 
Several observations concerning the matrix A are 
helpful. First, consider the factor loadings for 
Component 6, cor responding^ to .the final row of A. 
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Performance on this component is determined' in the modiel 

,by performance on low-Level measured compor>fc?nts, and by 

a unique component. For this type of variable, the 

values in A give the path coefficients directly. 'Vhe 

values of ^ and A (corresponding to 5 and 6 ) are 

63 64 63 64 

simply regression coefficients obtained . in the 

regression of Component 6 on Components 3 and 4, and ^ 

^ \ ■■ . . "'66 

= ^ is an estimate of the error (or unique) component 
66 

of variance (if we assume in the model that the unique 

component is uncorrelated with other components). The 

relations of the factor loadings for Component 5 to 

underlying model parameters is more complex, since this 

is. a case where the high-level .variable, is related . to 

low-level components (3 and 4) both directly and 

"^indirectly . — through the relationship of Component 5 to 

a second high-level component, 6. Here, the parameter^! 

of are ^related to the parameters of the structural 

model bv expressions such as X =6 + 6 6 f which 

53 53 63 56 

\oontains two additive terms: 6 , representing the 

\. 53 

direct path froiTi Component 3 to Component 5, and 6 6, 

■\ ' 63. 56 

representing : the indirect path from Component 3 to 
■ \ ■ ■ ' ■ ■ . ' ' ' 

Component 5 via Component 6. Likewise, x * = 6 6' 

\ 56 56 66 

represents the path from unique Component 6 to ComponenIL 

.. , ^ \ ' ■ . .. • 

b;iyia measured Component 6. In developing and testing 

• / \ ' . . ■ ,■ 
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models for the interaction of high-level components and 
word analysis components, I shall, encounter' each of 
these situations^ exemplifie'H by Variables 6' and 5 in 
. the above example. Several of the high-level components 
will simply be regreissed pn the set o^f word analysis 
comp onents as was Variable 6. And one of the' high-level 
components will be dependent upon a second high-lavel 
co- oonent as well as on the word-analysis components^ i as 
was thei case for Variable 5. 

Structural Models of Component Interaction 

The initial model of component interactions 
incorporated the following hypotheses: - 

1. Word analysis components of Decoding 
efficiency (III) and Word recognition efficiency 

(IV) are hypothesized to. directly influr-nce 

\ 

Context utilization components (V "and VI) ^ since. ' 
early retrieval of lexical categories increases 
time available for activation of 

semantically/syntactically constrained items in 
memory. 

2 . The Generative component of context 
^utilization (VI) -directly (and negatively) 



t 
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.influences the Spped component (V) , since speed 
is inversely proportional to the number of 
C9ntextually:"related alternatives that have;^feen 
activated. 

3. Word analysis , components of Perceiving 
multiletter units (11) , Decoding efficiency 
(III) ^ and Word recognition ef f iciency (IV) are 
also hypothesized, to influence components of 
discourse processing {VII and VIII) The 
discourse analysis processes involved in 
selecting and evaluating referents in building a 
prepositional representation for a sentencv-:* take 
place concurrently with processes of deco'ding ' 
and word recogni ticn^ and therefore must..- share - 
processing resources with them. High levels of 
automaticity in word analysis components reduce *< ; 
the resource^ demands of those processes, am'? 
thus improve efficiency of concurrent processes, 
of discourse analysis. (However, the direct 
relation of Component VIII to II was eliminated 
in the model, since the correlation between 
those componeni - was nonsignificant: £ = -.19 
with a standard error- of .20.) . . 
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The structural equations for high-level components 
V-VIII corresponding to these hypotheses are thenr^^fJ''' 





^51^3 


.+ 




+ 


^55^5.+." 




^6 ^" 


'563'^3 


+ 


'564'^4 


+ 


"^66^6' 




^^7 = 


'^72'^2 


+ 


'^73'^3 


+ 


'57414 + . 


^77 ^7 ' 


^^8 = 


6g3n3' 




<584n4 


+ 


"588^8 • 





The second-rorder* factor matrix A for this model has the 
hypothesized structure indicated at the top of Table 12. 
The hypothesized structure for $ is also given in Table 
12. Here, the unique components V-VIII are assumed ' to 
be independent. . 



Insert Table 12 about here 



To evaluate the f i,t of this ^structural model, two 
more general models were constructed. In the first 
(Model 2) , the' four high-level components were regressed 
low- level components . The nons ignificant 
chi-square of 12.86 (with d^ = 7) indicates that the 
restrictions of the original model are supported. To 
evaluate assumptions concerning the independence • of 
high-level unique factors, „ a second alternative model 
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was constructed. (Model 3). In this model, the 
high-level components are allowed to freely 
intercojr'elate with one another, instead of introducing 
the explicit ^ dependency relations between the - two 
context- itilization components V and VI • The obtained 
chi-squar^ of 9.63 (with df = 5) is again not found to 
be significant , and the assumption of independence of 
the uniquej components is suf^prted. Thus, the obtained 
correlations among high-level measured components can be 
attributed entirely to their common, dependende on levels 
of automaticity/ef f iciency of low-level components, and 
to the specif ic dependency relation hypothesized for the 
context utilization cc^'.pon'ent-s , 

S ummary of interactions for discourse analysis 
components . The relationships of discourse processing 
components to low-level components are illustrated in 
Figure. 6, which contains the estimated path 
coefficients. Component VIII represents . efficiency in 
integraiting semantic information associated with an 
antecedent lexical item, , with the semantic 
representation being formulated by the reader f9r^' the 
current senteri<:e or phrasev This skill was established, 
for example., by comparilTig reading times fot seriten^^es 
containing an ambiguous pronominal reference with those 
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for a sentence containing an unambiguous reference. 
Semantic integration is not siqnif icantly associated 
with Word recognition (IV), Sut it is strongly 
associated with decoding efficiency (III) , with £ =. ,87 
and", a regression' coeff icient^ of •91, Thus, there is a 
direct effect of automatic decoding on this discourse 
processing 'compC?hento This direct influence is 

interpreted as an/ example of; process interaction due to 



competition for a 



limited resource (Perfetti & Lesgold, 



1977). Perfetti and Lesgold (1979) have subsequently 

suggested, that tljie resource limitation is in working 

memory ^capacity, and that inefficient decoding requires 

space in working memory tha't v^iould otherwise be utilized 

' ' ■ ^ r 

for discourse processing. Whatever the' nature of the 
resource limitation, ifc is clear 'that ^.f f icient decoding 
has an importtint, direct impact on discourse processing. 
And one is ; led to enter tain thej hypothesis that \training 

V- • ■■ • i- ■■■/ :.■ \ ■ 

for automatic decoding ma^ havei an - impact on efficiency 
of, di^scourse processing. I - ' , 

■\ ^ ■ .■ ■ ■ ' ■ 

Insert Figure 6 'about • here 



» - '. ■ ' 
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; The remaining discourse processing component I "^have 
identified^ (VII) PrLference^ for, . a tc>picalized / 



/ 



ii ■ 

, / 
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anteaedeht as a referent, is ref xecti ve of^ a .dependehce 
on the pcct, of the . reader on the ' topi'&al status o/ 
antecedents in effecting rejtrieval f rom "mempry . ^ T^is 

component was measured, for example^ by cx^mpajt/'ing 

■ . I ' * > /.* ' ■ / 

reading times for sentences con'tain^.ng pronourli^'for 

cafees ' where the referent was topicalizeQ or not 

tppicalized in the first: sen^ejice of a paragraph': 

Compoi ent VII • is associated with s.e'y.ejral word analysis 

components, suggeitin'g agaiti 'that aijtoraaticit^ (D^' 

"Ibw.-le^jel processes contributes \ to; 1 efficiency 

processing at the *^ text Meyel, presumably throuoW' 

lessened demands on the processing resource] 

Finally, whild the ' invest'^gat ion of discourse 
analysis components: is sjtill .i/n its infancy, the resu'ltg 
we .have obtain'ed so far- suggest that components in -tha"^ 
domain may be independent. Training targeted at one 
component^ under, those circumstancesuJ Would, not be' 



hose c i r c um s t a nee s u J wc 



expected ^|to ^generalized <^tp other,' con^onents. ; This 
expectation does not hold for . wor a. analys/is .components ^ 
where increased, automat i,c^ty cpuld . contribute . to 
efficiency in a variety of ' discoaxse-^related components . 



. ... .- ^■/'' . • / 

Simplified model for Interactions ,, of contex t 

j- ■ . ^ . ^ y .. V. ■ ■ ■ 

Utilization" components . ^ Several* s^impi.lif icat ions, in the 
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relationships of context utilization compoivents to 
low-level components were introduced ^ and found to be 
acceptable. These/ are the Models 4 and 5 in Table 13.^ 
The first simplification is based upon\the feeling that 
the basicT'* process of context utilization is the 
Generative component (VI), and the- Speed component 
represents an optional s5^tegy tfi^t some subjects 
employ: that of trading of f . speed in responding against 
the possibility of errors' of identification^ thst can 
occur v/hen the amount of ^\oythographic/phonological 
evidence develop'ed is beingj minimized during rea'tSing in 
context.. In thi.s modelrj all ^correlations between the 

Speed component (V) and j low-level /'components are 

f . " ' ;/ ■ , ■ ' ' 

regarded as attributable solely to its ' dependency on the 

mors basic Generative p'omponent (VI) . The structuralL 

equation , cor responding to jComponent 5" thus becomes 

n = 6 C + : 6 n • . ' " ' ' ■ / 
^ 5 55 5 56 6 

The other structural equations were, of * course, 

unchanged, . Comparison of this model {Model. 4.) to the 

original model yielded xM2) = and thus strongly 

' . ■ *> 

justitier' the f irst^simplif ication. 
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Insert Table 13 about here 



A ^ further] simplification also proved possible. In 
the final structural model (Models 5), the -^dLce^i±^ 
JiJl^l^^^P^m^'''^^^^^^ on Context 



utilization (VI) was eliminated. This simplification 
was motivated by the feeling that the generative use of 
context is an automatic process, one that is not likely 
to be, in competition for processing resources with an- 
inefficient decoding process. Thus, the influence 
(correlation)^ of Decoding efficiency with Context 
utilization should entirely be attributable to its 
effect- on efficiency of word retrieval — Component IV. 
Comparison of this model (which included the 
simplif icatiohs of Model 4 as well) with the original 
model yielded x^(3) = .94, again providing strong 
support for the reasoning behind the simplif ication. 

The final pattern of process interactions for the 
context utilization components -is summarized in -Figure 
7. Components I - IV are, again, the word recognition ' 
components, interrelated as in Figure 2. Component ..VI, 
Generating extrapolations from a discourse 

representation, and V,, Speed set . in employing highly - 
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predictive; context, are the two ident i f iab]^'^pects of 

context utilization. The generative c^mponenty VI, is 

related directly to Word recognition efficiency (IV) , 

and indirectly to the other word analysis componontSr 

through the!,ir effects on IV j(Word recognition) , The 

path coefficient (-.46) is negative since for the 

generative component high values (large increases in 

visual span with the provision of prior context) 

indicate efficient per formahce . (For the other 

components r low values reflect/ efficient performance.) 

( \ 
The interaction of Component VI, Generat^ive use of 

context, with word recognition effiCrtency is lin theory 

' ' ■ " ■ ^ " 1 

due to the i|ncreased time for act ivat ion of semantically" 

associated lexical units when v^'ords are- moire rapidly 

encoded. Component V, Speed set in utilizing predictive 

context, is negatively related to the generative 

/ . . . _ I ^ . 

component (VI). It represents a strategy that is most 
applic^ble when the generative component yields |a small 
(unitary) set of constrained alternatives. The 
correlations of the strategic component (V) with other 
components are all attributable to its relation to the^ 
more basic generative component. \ Note, finally, that 
.the gre^atest factors contributing to context utilization 
components are the unique components which, |in this 
model, are matually independent. i 

. ' i' ' ' ' ■ ■ • 1 

■ 84 ■ • 
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Insert Figure 7 aboi^t here 

RELATIONSHIP OF READING COMPONENTS 
TO OTHER COGNITIVE FACTORS 

Eleven tests representing iive cognitive factors 
were drawn from the ETS Kit of . Reference Tests for 
Cognitive Factors (French, Ekstrom, & Price, 1963). .The 
tests selected, are listed in Table 14 for each of the 
factors. The first three factors* represent perceptual 
skills. Speed of Closure tests require the subject to 
identify figures or words on tho basis of their overall 
visual form, without benefit of specific jreatures or 
details. . Flexibility of Closure tests require the 
reader to maintain in memory a specific figure, so "as to 
identify it when it occurs embedded within a larger 
figural context:. Tests of Perceptual ' Speed measure the 
rate at which subjects can identify^simple figures, or 
letters, a)?.:v.<3 an array of distractors. / 



Insert Table 14 about here 
t 

.. ' . ( 

The ^ast t\jp^ factors are measures of the 
accessibility ^^-^l. -^-tems in lexical memory when memory is 
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searched for items having particular features , of a 
phonological (orthographic) or semantic nature. Word 
Flu ency' tests measure the number of lexical items that 
can be retrieved in a fixed time that have part icular 
phonological/orthographic characteristics: that begin, 
or end, with a particular set of ' letters (e.q., begins 
with PRO-, SUB-, or^.. end with -AY, -OW) . Fluency of 
Association tests measure the number of lexical' items 
that /can be generated within a designated time that bear 
semantic/associative relat ionsliips to a given word or 
words. In the Controlled As??Qciations test,^ all words 
fiaving n^eanings similar 'to a given word (e^g., DARK) 
must be supplied. ' In the Doubly-Constrained 

Associations test, words must be found that are 
simultaneously associated with two presented words 
(e.g., JEWELRY - BELL? answer: ring ) . - The Simile 
Interpreta' ion test requires subjects to list as t^j: ^y 
interpretations for a simile as thev can think cf, 
within a timed period. 

The factor model for this set of me; mres is also 
shown in Table 14. It .reproduces the pattern of factor 
loadings typically posited for this set of variables, 
with the single exception that Measure 4 (Hidden 
Patterns) , which is a highly speeded test, loads: on 
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Spee'd of Closure' and Percep*-.ual Speed, as well, as on 
Flexibility of Closu e. Correlations among the five 
factors are given in Table 15. Correlations among the 

perceptual factors are low, while the correlation 

i • 

between the two fluency factors is extremely high (•86). 

And .-^ correlations between the fluency factors and 
perceptual factors ar^ sizeable. 

Insert Table 15 about here 

Correlations bf reading components with cognitive 
ability factors were, obtained by- adapting the ACOVS 
pr^pgram for per f orxning . an interbattery factor analysis. 
The results, presented in Table 16, generally supported 
the interpretation of reading components I. have 
ipresented. .. Speed^ of Closure , a factor ref lecting th^e 
ability to recognize words on the basis of their overall 
visual characteristics, correlated with each of th,^ word 
analysis components -except letter recognition 
efficiency, and most highly with Component IV, 
Efficiency in word, recognition. Flexibility of Closure, 
a measure of the ability to rapidly recognize familiar 
visual forms embedded in a larger context, was not 
correlated with any of the reading components. And 
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Perceptual Speed y measured by two tests of visual search 
(for a target letter or picture) / was generally 
correlated with all ecmponentsr suggesting that this 
factor 'is component ially nonspecific. Two additional 
cognitive abilities were included that are measures of 

word accessibi lity y via orthographic/phonological 

structure ( Word Fl uency ) or by semantic features 
(Fluency of Association ) . The two fluency factors are 
highly correlated (£ = .89). There was a general 
"background" correlation of -.30 to --.40 of these 
factors with the reading components. Beyond this 
background cojrrelation, it is interesting that, of these 
two factors, the factor measuring word accessibility via 
orthographic/phonological cues* was more highly 
porrelated with Decoding efficiency (-.85) and Word 
recognition efficiency (-.61). And Fluency of 

Association was more highly correlated with Compejcient 
VI, Extrapolation of discourse repre'Sentation (£ = •70) > 
a componc:*;t that shares with the fluency factor a need 
tO'> access lexical items on subtle semantic grounds. It 
is interesting that Component VIII, Semantic integration 
r " antecedents, is not tapped^'by either of the fluency 
measures., This component*., I believe, does not involve 
divergent production of semantic relations, but rathf^r 
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the specific testing retrieved antecedents v/ithin the 
.semantic frame uncjer construction in^workinq memory. 

. a \ 

\- 



Insert Table 16 about here\ 



EXAMINATION OF THE READING ABILITY CONSTRUCT 

■ ■ • \ ' \ 



Composite Measures of Reading Ability 



\ 



^ It is well known that tests of reading . ability , 
comprehension,, vocabulary, and general verbal fluency^ 
correlate highly with one another (cf. Davis, 1971). 
When batteries of such tests are factor analyzed, . a 
general factor of "venhair .facility*- is typically 
extracted and^-i-niierpre'ted as evidence for an underlying 
aptitude dimension. The question at issue is how we can 
reconcile the empirical demonstration of an "ability" 
dimension that is easily and reliably measured with the 
theoretical view of reading as . a <^ollection. of 
interacting, but largely independent, components, of 
sk ill . - .. 

From the* standpoint of componential theory, general 
reading tests are complex;,, requiring v^hat is potentially 
a- largo number of individual component processes for 
their ;successful completion. High • Ifevels of tested 
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skills will be found for readers who have achieved hi.qh 
levels of autoniatici ty in a large proportion of those 
components, and low levels of performance will be found 
f,or readers for whom the set of automat ic components is' 
more restricted. The model. I am advocating here is^a 
compensatory mode l . for determining the overall 
performance of 'a system of components as it is 
represented by scores on a composite i^eriding^ task. 
Within a compensatory model,. high levels of skill in one 
component can compensate for low levels in another. 
Performance on the composite task is thus taken to be a 
linear function of the skill levels on individual 
components... " 

It is easy to show that a high correlation between 
two composite . measures of reading is to pe expected 
within the framework of such a compensatory model, even 
in the case where the underlying .reading components are 
mutually .independent, - Let t '= ^ Y.i i^epresent 

pierformance on • one composite reading task, and let s = 
E v^' represent performance on 'a second reading task. 
Each composite task is a linear '' combination of 
performance levels on a set of ,comPonehts> ' represented 
by Y. ' ' If we further assume that the variance^, of the* 



components are 1 and ^cale the weights {yi^ and 



v^) so 
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that their sura of squares in 1, then the correlation 
between the composites t and s is igiven by 



(8) p(t,s) = 




where p / X the { reliability of the, - i th 

i i 

component, and p (y* , X the cor relation.^bGcween_-the_: 

two discrete components and 2 (see Lord ' & Novick, 
1968, pp. 97-98). If wa now introduce the further 
condition that the components are independent (that 

ptZ ' Z 1 " Equation^. 8 can.be simplified ,to yield 

•• i • ■ j 

(9) p(t,s) - i:w\v. p (y. ^y. • ) . 
.. . ~ -^1 -^1 , .0-: 

Finally, if actual component automatici ties/performance 
levels are ' substituted for measures of those quantities , 
the reliabilities will be 1 and the correlation between- 
the two composites will be simply the correlation 
between the weightings .of the coraponentys for the . two 
composite tasks. Thus, two composite measures having 
similar weighting on a set of component processes will 
be highly correlated, even - if the components operate 
independently. If the components are not independent 
(i.e., .they interact), the . correlation will be less 
dependent on the similarity of weights for the two 
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composite measures of reading. High correlations among 
reading tests are ' therefore 'to be expected, as long* ac 
the* tests' represent component ially complex composites of 
individual components and the weightings of components 

are similar. It follows that the fact that batteries of 

- ' ' ■ i ■ .' 

reading tests generally yield a large general factor has 

nd bear ing^ whatever on the .component ial complexity of 

the reading process represented in the /tests. Such a 

finding only suggest^ that., the composite- t-^ ots that make 

up the battery are making similar demands on a set of 

underlying reading components. It. is only when the 

individual measures within a test . battery aire 

, constructed so as to ha .tiponent ially specific that the 

high, positive, correlation among measuzes will be 

eliminated and the pattern of component interactions 

will become apparent. ^ ^ 

Component! al Analysis of Reading Tests 

Given 'a set of measures of reading components 

f ■ ■ 

resulting from the application of the measurement 'model 
displayed in Table 8, ^ it is", possible to study the 
relation of several composite measures of reading 
ability to underlying reading components « ^ The 
correlations of the eight reading comjDonents/ and four 

■ ■■■ ■ /' « * ■ ' ' ' ' .. V • ' 

' *^ . / ■■ , ■ . ' ■■■■■ •■ 

ERIC 
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criterion measures of reading abilij/y were estimated 
using the ACOVS program'and are given in Table 17. The^ 
four criterion measure:f5 are reading time for context 
paragraphs in the Visual Span v?vcper iment, the number of 
lines of text' read in the Nelson-Dennv timed reading 
passage, and the Nelson-Denny vocabulary arid 

comprehension subte£ score's. 

« . ' ■. • .. I 

Insert Table 17 about heire ^^\,' 
___ , ^ . . ■ 

■ 

■ / . ■ 

There are consistent relationships between word 

analysis cortlponents and the four criteria, including the 

comprehension subtest . .Decoding, efficiency and Word 

recognition efficiency both correlate highly, wi^th 

vocabulary and compre^hension measures, and with the 

computer-abased measure of reading speed. Component II, 

Pe^ reiving multiletter ,units , is dlso modera(:ely. 

■ '^'^ ' .. ■ ■ *' ■ ■/ ■ . . .) 

correlated with three of' the criterion measures. The 

letter encoding component appears.' to be of lesser 

importance for thr tests that are specifically reading 

tasks, but does correlate -.31 with vocabulary. ■. (This 

value is in clc^a agre^i^ment ^ci'ith the one obtained^ b^ 

Hunt , Lunneberg , and Lewis, 1975.) The finding of high 

correlations of word analysis components ^ measures of 
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compre'hension is cons is'tent ":«;ith results Qjg Por.fetti and 
■ Lesgold' (1977;' see also Perfehti & |Roth, 1980). 



Together, these findings provide additional! ^support £or 
the hypothesis advanced in 6ur interactive model, that 
•'automaticity of word analysis skilis is essential, in- 
order, to free processing resources /for the purposes of 



d iscourae analysis . 



■ < 



Awhile the majority of v^ord analysis components are 

' ■ ■ ■ / 

strongly cor related -with criterion m'easures of reading 

abilitVr measures; of high-level components ;are 'less. 

generally predictive „ of; reading ability — at l^ast as 

• ' - ■\ ^ . .^i^v! ._. ^ , / 

./ ... . \ . / ■ 

it is measured by cOnven5: ional tPSts of readi'nq * speed- 

and comprehension. \ Of tl context utilization, 

components, the most ^ prominent is Component. VI,/ the 

generative process 'of ^extrapolating a discourse 

representation, in the\ . activation of semanticaX'ly 

\ . ' ■ • . ' i 

consjirained items in memory. This component correlates 
^--^^ , . * ■* , 'N L . 

.59\with comprehension, and is also highly .''correlated 



with the other reading measures. The correlation of .47, 
of this component with the Vocabulary test suggests that 
general ^ knowledge of word meanings, may ' be one 
prerequisite for developing skill In the generative use 
of context . \ 



ERIC 
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.Finally , and' surpr isingly r/ aeitiher of the discourse 

. ■ \ » "NA 

' analysis,: components is s.trongl;?^ correlaedd ^w.ith 

conventional reading test measures of; spfeed, vocabulary, 

•• •■ 'n-^-'"": , ; • A" \ ' ■ 

or comprehensipn, V Component VII, Influence .of 



topicality- ,in assigning reference relations, correlates. 
-.34/ with ^ 'comprehensiQiv, indicating that good 



compxehenders are less, influenced bv the ^topiccil status 
' of a. r^ferefit . in analyzing anaphoric r'el.^it ions in a 
■'-ttV't* [. Component; VIII, Semantic integratiion, appears to 
■ be^pooriy "tapped" by the conventional! reading test 
• measujes^ ' it correfates highly witlh only the 
computer-timed 'measure of reading speed (V = 41) . - This/ 
* ' finding ..server to remind jas ^hat there ^re discourse^' 
processing skills tljat -'would appear ^to have broad 
applicability in processing text,:- but that are only 
pdorl^jr represented in conventional tests of reading 
comprehension, ... * ^ 



with 



Statu^ of the Reading Abiljlty Construct 



i n Component ial Theory T 



,7|.par.t; f rom the identification pf "heading abili.ty" 

t * o£ rea^ding 



performance on a corappsitte tes 



performance, can a ri? be^ found for ; a ' reading ab/(lity 
construct within component ial theory? One possibility 
is thcit.van explicit , thepiret'ical definitioh of /reading,^ 
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ability as aT'ortJoessing component can be developed. .For 
example, reading atvility might be equated with a single 
component such as \ ";?cnTSlsruqt ing a proposi tional 
representation of a /t^^xt<^ The-' problem with this 
approfiCh is that, i|y/oyr attempt to be theoretitallv 
explicit in def i4li|ng the component, we are likely to 
discover th:at / the proposed process . is itself 
mjlticomponent , \nd each pt the resulting s,abcomppnents 
vlikely to, be tbi) " speci^f ic- to qualify as a general 
r^eading ability^ It is probably the /case that any 
reasonably general processing system, is resolvable into 
a- .)Set. of more particularized components/, to^jether with 
theirs interactions.' Nevertheless^^ it i^ possible for 
^con^ponents to be/grouoed in. more gt'eneral systems. Foi:. 

rr-: :\ - ■ • - ' I ' ■ 

example, -even though the decodinq component we have 



studied includes subprocesses for syllabication and for 
translating. digraph vowels, I measures of those/ 
suDcompoaents . can ' be rfejgatded . as , indicators of 

■ ' ' / . ,. " " ■ r ■ ^ ^ 

efficiency of a more general decoding system. The 
empirical; check on the validity of a component as an 
in^tegrated system bf subprocesses ;is in the convergent 
and discriminant validity )exhibited by the collection of 
Sjibprocess- iTieasures, as they / are evaluated in the 
fjitting of a measurement model. Thus, /it Us in theory 
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possible to identify a system - componvsnt.^ tfrat are 
process-linked -^and th^ together soe-erform a ttype of text 
analysis that coulc he considej^cd a primary ability in 
^readinicr. ^However, the components o£ fiiscaiincs:^ analysis 
we havv^ analyzed to date do ma^t apoear to t>e closelv 
relates aspects of ' a single systeir ^or fce:^:i: a-rr*Bll_^i^. 

5. SBCOiid possible locus for general vj^aSing aMIiity 
witthin a componential model lies in zti^ ^,ancept of 
cesojTce or ""capacity limitation, uftcet tto exa>-3in 
inte— HBr:±iLonB£ between low- and mgh-le^eC .-CTnrpOffjents-. of 
r eading. Low reading ability might' r3^ -rfcoug 2a t erf as a 
- ^3uLt of res-tricted processing . resouxr^ts (^aSimemtsn , 
Z!?73; Norman &• Bobrow, 1975) , or perhais^, restJricrtions 
±n worx-'.ng memory /capacity (Perfetti & Lssgtsid, l^"/77) . 
-Saach an' explanatory concept has not 'T«e33 limit-ed to 
readiiig-, however. For instance, aSmfeat" ^^ns in 
atteni^nal resources have been propDs~.y to e%>tain 
age-r^iated deficits in memory (Craik £ Sianor., 1^80; 
Kinsbauxne, 1980). Furthermore, factor analyrin stisoies 
of resaurce-sharing measures (contrasts in pe:rfe>nnsnce 
for a task performed alone or concurrently wifc!i:£a. s^ond 
task) hsve provided no evidence as yet for s gsfteral 
"factor reflecting . a common - . cittentional rrssouirco 
componesst (Sverko, Note 5). The only factors xfaat could 
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be.' extracted in the Sverko study were ' clearly 
task-specxric. Other students' of the resource-sharing 
"ability" (Hawkins, Church, & DeLemos, Note 6) have 
reached ^sdmilar conclusions. Resource capacity 

limitations, if they exist as stable aspects of 
individuals, are multif aceted" and task-specific. ' Thus, 
it is difficult tn see how reading ability could be 
conceptualized as a general limitation in processing 
resources. Deficits^in reading-related processing 

resources might, however, contribute to poor performance 
on composite reading tasks. 

We are left with a third possible interpretation of 
reading ability wiithin compbnential theory, one that . is 
'based on the background environmental and biological 
factors that condition levels of performance on 
components. According to this view, etiological factors 
such as these enable some individuals- to acquire high 
levels of skill in numerous components, while others 
remain incapable of developing such general expertise 
across the skill domains 'of reading. .This essentially 
empirical definition of reading ability is similar to 
the identification of verbal ability as the general or 
"g" factor underlying a series of verbal tests, or the 
equating of a first principle factor with "general 
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intelligence." There is a difference, however: Here we 
are dealing with components, not wi±ri tests that ars 
cpmposites of ' components.,. Given a set.^ o^ 

theoretically-derived measures of components that have? 
met the two standards of validity I have proposed., 
empirical evidence for general ability will" be found in 
the ' presence of background ^ correlations among 
components, correlations that remain after removing any 
covaria|ioh tihat is attributable to theoretically 
proscribed interactions anjong components. The resijlts 
so far provide no evidence of such background 
correlations,' and thus. of fer no support for an 
underlying general fao-tor of reading ability. 

DISCUSSION 

In this paper, I have attempted to outline the form' 
of a procedure-based componential thepry of reading, and 
to- develop multiple standards ^by which the validity of 
such a th&6ry~can be judged. 

The first level of validation concerned the ability 
to predict mean performance on a cri.terion measurement 
task fo'r a set of particular task conditions. These 
predictions are bfesed on an information-processing 
theory offered for the criterion task. In the 
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experiments I have r^oortetf., se:::a^::-":^ tasks are 
generally employed to me^s^xe ^sach 21 thB specific 
rreadimg . components . und?r in-^i^stara^L t v^Ti, and the 
^^electlon of . componenfc-sperdf ir m^^ixt^^ based upon 
~he particular processing rzradel, dev ilrir^i^:: validated 
for each task. An alternative apprx^^ct^ r?t^sh^en used, by 
Sternberg (1977) in his stu'feies of rea^-otinrg abilities: 
Rather than working with a -se:t o£ exp^r^'.sntal tasks, a 
single criterion . task sfr^se?/ which, while 

representing a qomponerrcially- roihplrex , (composite) 
performance, is susceptible ±0 a '/c^ciety of parametric 
variations in task conditiors. A multi^amponent theory 
is developedvfor predicting ^perfccnaance on the criterion 
task/ and a "componehtial ^^ysS^^^ is ^vanced stating 
the theoretical degree c>f ii:nvolv foment of each component 
for each of the task condit:t xns„ A regression equation 
is then fit in v;hich manir erSorrmance on. the criterion 
task is predicted from ttr= t-iieoretically specified 
component weights for eaiir ox the: task conditions. 
These regression equations icc> . be fit to data for groups 
of subjects, or for individua^^. The goodness-of-fit of 
the componential model is itrdexed by the multiple 
correlatiQn obtained in precictlag composite performance 
from the theoretically specifies component involvements. 

\ ■ . ■ ' 

\' ■ . ■ ■ • • . ■ 

■ ■ -x •■ . ■ ■ 

\ 
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And the Eeja-ession weights are irxtexpreted -^is measures 
of the ef f icrisncies of the indiviSisal componETfcrs . These 
weights are ... . fact contrasts amasc the task -TDxiditions, 
and- as s^-:h are fornslly similar txD the 
component-specific measures n^e^ been TEV--^^ping. 

Carroll il980) has shown, he* t lese beta^eicrnsrts may 
serve as variables in furr - analyses o^ covariances 
among components, through t-- ne - of factor analysis. 

Level One validatior car be thought cf ,■ as 
equivalent to building ars^ testing a theory c item or 
task diffic^-lty. Rathe than simply, sea ng item 
difficulties by applying^-, standard statistical theory 
of task perforlance (e.g. /I . latent trait tfe«3ry) , an 
information-processing th^ry of tasK performance is fit 
to the performance records for each individual, and 
parameters of the theoretical model are taken as the 
"test" measures. This approach has been explicitly 
• adopted, -by Brown and Burton (1378), who have shown how, 
by^ applying a theory of performance on arithmetic 
problems, patterns of errors can be used to identify 
specific conceptual "bugs" within the individual's 
information-processing system. The hope in adopting 
such an approach is that a cognitively rich theory of 
task performance will"^ yield measures of particular 
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features of an individual's processing system. These 
Pleasures wiXl in theory' reveal the status^of particular 
processing components, rather -'than merely reflect the 
:qperation\ of the overall system as ±t is performing a 
tnomposite task, ^ ' ' , 

The second level o£ validation was concerned with 
the differences in-, levels of component-specific 
performance evidenced by individual subjects^ over a set 
of measures that have been found to conform to the Level 

, .. % ■ •; 

One standards of validity. , We have attempted to show 
how the componential theory developed for predicting the 
effects. of task manipulations in ■ Level One validation^ 
implies as well a highly specific measurement, models 
which reXate-s performance on one measure to that on 
other measures . of similar or dissimilar cornponents. 
This measurement model can be statistically evaluated 
using techniques of confirmatory maximum-likelihood 
factor analysis. I believe . that the ■ logical 

correspondence between thebretically-derived hypotheses 
underlying Level One and Level Two validation is a tight 
one. If two measures share a processing component 

0 

according to the model developed in Level One 
validation, then they must be resolvable as functions of 
the same underlying component in fitting a measurement 

s 

t 

. 'a ■ 
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model, and their correlations with measures must 

be proportional to their weights Jls^aaings) on the 
underlying common component. ^)Arrr wiialation of these 
relationships suggests that there is an unanticipated 
functional independence between Treasures, and that 
further theoretical specification will be needed to 
account for the disctepancy . It is: only when a measure ^ 
IS found to. be totally unique — to be uncorrelated with 
all other measures that there is ambiguity in the 
theoretical interpretc^tion of thee outcome/ (Here the 
measure may represent" some theoretically unspecified 
component, or it mav simply be unreliable.); Finally, it 
should be emphasized that the testing of measurement 
models underlying the covariances among 

component-specific measures is not factor analysis in 
the usual sense, since here the factor structure is 
specified in advance of the analysis. 

' A componential theory not only specifies the 
processing components underlying each of the 
experimental measures introduced; .t must also provide 
for an analysis of component interactions. The 
procedural view of components provides a means for 
predicting when components are linked, and when they are 
not. According to this view, components are invoked 
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whe"never particular sitaations — or data structures — 
.ocdur, and they operate in specified ways upon those 
data ,structures7 Components are thus linked through 
their operation on a common internal data base, and 
through the' joint demands they place 'upon shared 
processing resources. The specification of a theory of 
component interaction therefore requires specific 
knowledge of the attentional demands and of the levels 
of automaticity of" the components,'. Particular theories 
of component interaction. can be stated as systems of 
structural equat^ion^,_a^nd__yie ja^^^^ 



equations (the path coefficients) can -be estimated (at <^ 
least 'for some models) by the use of ..maximum likelihood 
techniques for the analysis pf .covariance - structures. 
The alternative to this structural modelling approach is 
the use ' of trainingT studies. The results of 
component ially specific' training Should transfer to 
other componentially specific measures, as specified in 
the theory of component interaction. | 

Finally, the componential theory of reading has 
'provided^ a basis • within which I could reexamine the. 
•concept of "general ability" in reading. . The existence 
of a large general factor in the analysis of composite 
reading. tests was shown to be an expected outcome, given 
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a compensatory model relating processing components to 
, composite test performance, i believe there is little 
hope for uncovering component skills In reading by the 
analysiscj of correlations among . such composite tests'. 
^What is needed is a set of theoretically based^ 
componentially specif ic measures that have met the 
standards of validity that have been proposed. If a set 
of such measures is available which covers the broad 
range of component skills of readj-ng^ it should be 
possible to lest for a general^ backgroi^nd correlation 
amdng reading skills attributable to general ability. 
Evidence for such a correlation has so far been lacking. 
However^ "a stronger ^ and more definitive statement 
concerning an underlying, "verbal ability" must av/ait 
further evidence^ and more particular ly-r the developm^^ 
of a more articulated cdmponeritial theory for discourse 
analysis. Nevertheless, I feel that the approach 
outlined here might fruitfully be applied in other areas 
of complex cognitive performance, and serve as a means 
of resolving the ongoing interminable debate concerning 
the existence and nature of general, intelligence. 
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Table 1 

Types of Component Interactions 



Functionally Determined Interacrtion ' , ^ 

A. Da.ta- linked -Components 

1. Correlated Input Data. 

2i> Cascaded Processes ; 

3. Dependent Processes 

4. Mutually Facilitory Processes 

B. Process-linked Components 

1. -Shared subprocesses 

2. Shared control "processes 

C. Resource-linked Components 

1. Due to general processing, capacity 
y 2. Shared memory access/retrieval channels 

•3. Limited .capacity" working memory/ • 

Nonfunctional Sources of Process Intercorrelation 

A. Etiolog±.cally link_d components , „ _ 

1. - Reflecting a learning, hierarchy 

2. Reflecting effectiveness of learning environments 

B. " Refledting general,, biologically determined ability 
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% Table 2 

Reading Components Battery: 
Word Analysis Tasks and. Measures 



Experimental Task 



Derived Measures 



Components 



-A^ANAG RAM IDENTIFICATION: . 
Subjects report letters 
seen within a brief ly 
presented, masked 
display containing 
4-letter anagrams. 

B. POSNER LETTER MATCHING: 
Subjects respond same or 
different on basis of 
similarity of . letter names. 



BIGRAM ENCODING: Subjects 
report letters seen. within 
a briefly presented , 
masked display containing ^' 
4-retter words? on critical 
trials/ all-letters except 
a single bigr^T^are^^^-^ 
s imul taneous ly^ masked . 



D. PSEUPOW0RD PRONUNCIATION: 
Subjects pronounce 
pseudowordsj which vary in 
or±hographic "^structure 
(in length, syllables, 
and vowel type) . 



E. WORD RECOGNITION: 

Subjects pronounce words 
' which vary in frequency and 
orthographic structure. 



1. Rate of letter encoding, 
inferred from increa's:e~in~ 
logit (Prob. Correct) per 
unit increase in exposure 
duration. 



2. RT (Aa) - RT (AA) 



3. Increase in RT for low 
frequency compared with 
high . frequency bigrams . 



4. Scanning Rate: Increase 
in RT for each shift (left 
to' right.) in bigram position. 

5. Increase in RT for bigrams 
^having low positional 

likelihoods 



Increase in vocalization 
onset latency for: 

6. Digraph vowels compared with 
simple vowels. 

7« Increase in array length 
from 4 to 6 letters. 

8. Two syllables compared with 
one syllable. 

Correlation of pseudoword 
onset latencies obtained for 
each of 19 orthographic forms 
with thosei for:: j <. 

9. High-frequency words presented 
in. isolation. 

10. Low- frequency words presented 
in isolation. 



II 



I, II 



II 



III . 
II, III 
III 



IV V 



IV 



<^ I . Letter encoding ef f i ciency , II. Per ceivij^^ 
De£oding^or--phonological-trai>sra^^ IVV^ficiency in vrord recognition. 
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' Table 3 

Comparison Among ACOVS Models for Word Analysis Components 



mernatiye , ' 'Number ■ Number of ' Chi • .Probability 
Hodel** Components- Parameters Square ,~ ' 




1. A single Perceptual 
Encoding Component; 



,and III andlV;^^^^^^^ ■ 



14 10.83 4 / .03. 



Combine Components" ■ 
' landli:. ^ . ' ■ '. ' 

2. ;a single Orthographic' 3 ' ,J 14 17.89 4 ' .001 

Analysis Componenti 

• Combine Components II ■ ' ' 
" andlir, • / ■ 

3. NO distinction drawn 3 15 9.24 3 , .03, 
between Decoding ■, 
Efficiency and Decoding 

■ . Depth; Cpmpents. in ' ' ■ . 

and' IV combined ' , ' ' ' 0 

• rfe'of indeperice {)f"-"i : ^' ■ , 12 ' ; -12.,e2^-.-^...„ ;,_ , ^ ^, ^ 

original four components 3 

■ ft' 

■ K' 



' Components' I and 11, 1 . ' ' , ; . ■ " ' 
■ and IV, and II and IV . ' . , ' [. ' - 



ERIC - fc:flternativerarTeaS full 4-component model, containing 18 parameters. 



, i ■ ... ' - . ' H . H); 

■ ■ i ■■■■■ ■ . . . ' 0'- 

&.Te8tof;structurd '4" ' ' 17 1.88, c- 1 ^ - •; 4 ■ 

■■•':iiibdel, '»ith'links^ .v^,,. ,„:^'. ' / .v, . ■ .. ■ 

• /■between components I' ^' •■ ""^ , '■■H 

'and: III) II and III, , ' , ■.ifl;- 
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Table 4 

/ 

Reading Components Battery: 
Discourse Analysis Tasks and Measures 



Experimental Task 



Derived Measures 



ANAPHORIC REFERENCE 
EXPERIMENT : Sub j ect s 
read texts containing 
pronouns , and supply 
referents for pronouns 
whenever an underscore 
appears beneath them. 



Differences in reading 
times for .sentences 
contair ing-anaphora 
* under contrasting text 
conditions: 

1. The correct antecedent is . 
not topicalized/topicalized 
in the initial sentence. 

2. The pronoun ap>pears in the 
predicate / as the subject 
of a sentence intervening 
between referent and target. 



Components 



VII ^ 
VII^.VIII 



3. The correct antecedent VIII 
is referred to co^t^atively/ 
by lexical repetition within 
the timed sentence. - 

4., The correct antecedent, is , VIII, IX 

semantically ambiguous/ ' 
unambiguous within the 
target sentence. ' ' ^ 



IX 



Two/only one antecedent 
nouns phrase (s) agreeing., 
with the pronoun are (is) 
present in the initial - 
sentence." 



6. An incorrect antecedent -VII/ VIII 

noun phrase appearing in 
sentence one is/is not ^ 
repeated as the topic of « ' . 
.,an intervening sentence 
which occurs prior to the 
target. \ 



<^VII. Assignment of topicalized antecedent as referent, -VIII. Semantic 
integration/evaluation of antecedents with discourse representation^ 
IX. Exhaustive retrieval of antecedents. 
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Table 5 



comparisons tog ACOVS Models for Measures of Discourse Analysis 



Alternate- 
Model^ ' 



Number of, ■ Number of Chi 
Components Parameters Square^' 



1. No distinction between 
sensitivity to topicality 
and semantic integration; 

, Combine Factors VII and . 
VIII 



2. No distinction between 
Semantic Integration and 
Retrieval of Multiple 
Antecedents; Combine 
VIII and IX 



2 



8. 



10.01 



1.97 



df 



Probability 



.04 



.58 



3, A single factor 2 
Contrasting Rapid 
Assignment of Topic ys. 
Retrieval of Multiple 
.. Antecedents; Combine^ 
. VII and IX r ^ • 

,4, Test of independence of 3 
. original 3 factors ^ 



10 



2.04 



1.82 



2 . 



.36 



.61 




^Altebmves 'M^ tested against tlie' fuU three-component model, containing 12 parameters. 



0' .s 
0 /:. }4 

0 

■ M ■ ■ i 

w 
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Reading Components^Battery : 
.Context Utjilization Tasks and Measures 



. Experimental Task 



Derived Measures 



Components 



WORD REC9GNITION IN 
SENTENCE' CONTEXT- 
Subjects pronounce 
words which vary in 
orthographic form, 
presented in a high 
or low constraining- 
context* 



READING PHRASES IN 

PARAGRAPH CONTEXT: 
^ Siibj.ects report all 

words seen within a 

display Containing • 
.a phrase. which completes 

the context pataigraph. 

WORD RECOGNITION IH 
PAFAGRAPH CONTEXT: 
Subjects report all words 
seen within a display ; 
containing randomly ^ - 
sequenced wor^s derived* 
frpm a phrase which 
would complete the 
context paragraph. 'v.', 



Correlatio^>^/^^pseudoword 
onset latencies obtained 
' for each of 19 orthographic.^ 
forms with those; for: ; 

1. High-frequency words presented 
in moderately constraining 
context. V-N 

2/ Low-frequency words presented 
in highly constraining . 
■■■/ context. ' ^ ' 

. / ■ ■ •: " ■ ' ■ ■■■ /. ; 

Drop in mean onset latency when 
words/ are presented in=--cpnte^ - 
:rather than in iisplatioriKfor:^ 

3. High-frequency words presented"/ 
in a moderately constraining ( ; 
context. , ^ , / ■ 

4. Low-frequency words presented 
in a highly constraining [, ^ 
context. ; v^v. 

' " • \ ' • " . ■ 
.Increase in visual span when 
cOTitext was added, for: 

. - , ■ ■:, .V . . 

5. Easy (highly readable) texts 

6. Difficult (less, readable) texts 



IV, {-)V> 



IV, {-)V 



VI, VIII 
VI, VIII. 



Increase in visual span when , 
context was added for: « 
p * ■ . t, 

7. Easy (highly readable) texts 

8. Difficult (less readable) texts 



V, VI 

V, vi 



4v:^ Efficiency in -word recognition, . y./> Speech set in applying context 
to identify a highly predictable target, VI. Extrapolating a representation 
of discourse context: Activation of semantically related items in memory, ; 
VI.IIv Semantic integratton^of antecedents within a currently tormulated 
discourse representation, \ ^ ^ — - 



Table 8 



,The Complete ACOVS Model Used in Validity Studies 



. Component 



. ' Measure .(Effect) . . 


, .1 


■II 


III 




V 


' VI 


VII 


VIII 


ii 

0. 


b 


RAW OP LETTER ENCODING 


.26 




0 


0 


0 


' 0 


fl( 

,! 


fi 

V 


0 


T*PM« 




1.00 




' 0' 


0 


0 


0: 




' A 








■ 0 


i:oo 


0 


0 


0 


fi 

0 


IK 


CI 


A 






.19 


.58 


■ 0 


^: 


. 0 


-0 




CI ' 


c 


D^i 

bbS 




f 


.39 


0 


0 


0 


n 
P 




0 


If 
0« 






• C 




.41 


,0 


0 


fi 

0 




4 — 


•1, 

7. 


PSEU; 




J 


■ .30 


, .43 


0 


, 0 


0 




A 
P 




(' 

FSSU! 








.77 


0 


0 


0 


T 




9. 


CORR! 








J 


.56 


0 


"0 


.0 , 


Cl. ^ 


10. 


CUKK2 








0 


.91 


-.30 


0 


It 
0 


11 

iX« 




NC-LCC (HFWs) 






. 0' 




.91 


ft 

0 




V 


12. 


/ 1 
CONTEXT 1 


MP-UnP fTPWoV t 




0 


. 0. 


0 


1.00 ■ 


0 


0 


V. 


13. 


SPANt 


r-MP /PWP1<!F*1. FASV) 






0 


0 




.58 




.42 

' : ■ i 


M 
14 • 


Or An* 


C-NC (PHRASES, DIFF.) 




; 0' 


0 


0 


0 


.52 


0 




15. 


SPAN: 


C-NC (WORDS, EASY) 




• 0 


0' 


0 


.58' 


, .72 


J 




16. 


SPAN: 


C-NC '(WORDS, .PIFF.) 




A 

'0 


0 


. 0 


.58 




Iff 




17. 


ANAPHOR: 


REFERENT NOT TOPIC/TOPIC 




0 










1.00 


0 












, 0 




, .26 


187 


"aWHOR: 


PREa/SUBJECT OF INTERV. SEN. 


"1 




0 


0 


0 


.29 


19. 


ANAPHOR: 


AMB./UNAMB. REFERENCE 




' 0 


0 




' 0 


':0 




■ .61 , 


20. 


ANAPHOR: 


POREGRND. NP2/NEUT. INTERV.SEN. , 


13 


-0 




0:' 


. f 


' 0 


-.33 


.46 . 



|ER1C 



Q-The average of standard errors is .16. 
Variable was reflected in the analysis. 
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.0. 



Intercorrelations' Among Componfents in Complete ACOVS Model 



Component 



Integration 

127 . . . 



11 III .. IV' . V • VI iVH " VIII 



I. Letter 1.00 . 
Recognition 

II. Perceiving ' ' .12±.15 100 
Hultiletter 



— Units' 

III. Decoding ' - .49i.21 .351.17 1.00 

IV. Word . .25i.l8' .i0±.16 .66i.l6 1,00^ \ 

Recognition . .. : — ' s 

■ V. Speed Set -.09+.15 .10+.14 ,34±.16 .32±.24 " 1.00 

^ , in Context , . 

Utilization ' " . . ' ' ■ 

VI. Extrapolating " .20±:i8 -.151.17 -.42±.21 ;".44i.l9 -.51±..18 1.00 , J 
Context . ■ ■ . , ' 0 

VII. itopicality .191.15 .491.14 .491.17 ,491.15 .161.14 .071.18 1.00 S'^ 



. Seffor ^. -1— — 

. Locating — - — — ~ ' ~ — . ^ ^ ^ 

Referents i ' - . S ^ 

vm. semantic ' ",221.20 -.191.20. .871.18 ,481.20 .081.21 ^61,26 .181.21 1.00 J 

^. . . - . , • a 

\ V . .: - ■ ^ ^ ~ ■ iQ 



''Standard errors 'are indicated following each correlation. 
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> Table 10 

Analysis of Interactions Among 
Word Analysis Components 

Structural Equations 

TI3 = 631TI1 + 532TI2 + SaaCa 

■\ ■ ■ ■ . 

TV* = 61, 3 Tl 3 + 61, 1, Ci, 1 

Unique Comp6nelT"tiT^"~F^anctIo^^ of, Measured Components 
■Ci = Til .. 

633C3 = -6 3ini-<S3 2Tl2 + n3 

6^^ 5, = - 6^ 3n3 + Hi, 

or/ in matrix form: = , 



(1) 



(2) ' 















1 


J 


0 ^0 








1 jj J 




1 


0 0 


> 






0 1 


0 


■0 


633 0 




t3 




3j "632 


0- 


— 0- 


— 0 6.,., 




~5r: 




— jj — 



L 0 

5r3-r 



D ^ 
Factor Matrix A = 



ni 

n2 
n3 

nr 

n 



(3) 



1 
0 
631 



0 
1 

632 



0 
0 

633 



0 
0 

5i» i» 



(4) 



' ' (15^3631) (6 '.3632) ( 6^3633) 
Identifiability of Parameters 

6^ 3 = Average of Xi,i/X3i, X^2/X32/ and 3/^33. 

631 ="Vil ^ -632 ^3 2 



_=:__X 



(5) 



3 3 
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Table 11 



Analysis of Interactions 
Involving Higher-Order Components 



Structural Equations 



ni 






^& ■ " ' 


— -Tr2- 








ns 








~ni, 












5 5 an 3, + 


6 5 ^ ni» + 


Tie 




5 6 an 3 + 


iS 6i» Tm + 




Unique Components as Functions of Measured Components 



?1 


= ni 























n2 



Factor Matrix A = A 



~ 1 



1 


0 


0 • 


0 : 


0 


0 


0 


1 


0 


0 .... : 


0 


0 


0 








' 0 


0 ' \ 




0 


0 , 


1 


0 


0 


0 




(653+663656) 


(65«» +661*656) 




(656666) 


0 


. 0 


£ 6 3 


66i» 


. 0 


«66 



Identif iability of Parameters 

656=^5 e/^ 6 6 r 



' 5 3 



Si* 



= X5 3-6 



B 3 



) 5 6 r 



5 6 r . 



6 5 5 = X 5 5 r--fi 6 3 X 



6 3 r 



6 



6 6 



6 6*. 



^Components 1-4 are allowed to be freely intercorrelated; the 
correlation between Components 5 and 6 may or may not be 
cons trailiedT^ depeirdin^^ — -Intercorrelations 



between Coraponents 1-4 and 'high7 level Components 5 and .6 are 
assumed to be zero. 
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ri9 



\ ■ 



Table 12 



ACOvis Models for Component Interac\ions with, and 
without Assumptions of Component independence 



Interactive 
-Model-^^ 



Fixed and Vari^tolfi-- 



Parameters RiBSulting 
from the Structural ' ' 
Model ■ 



_In^feer-eorrclatl-OTT5~^omparisons ^ 
ambng Components among Models 



df 



1. Restricted model 
for interaction 
of higher-order 
components and 

. . word analysis 
comJponentSf 
as.suuning 
component 
independence. 



2., Unconstrained 
"^regression of 
(higher-order 
components on 



word analysis 
components f 
assuming 
component f^.? 
independence/. 

' ■ • •.. / 

3. Restricted model 
for interaction 
of higher-order 
components and 
word analysis 
components, 
allowing 
correlation, 
among components- 













I 


0 








00W 
0^Vv 
0VVV 
00VV 


W00 
0V00 
00V0 
000Vk 




0 


I 


















7' 




I 


0 






0 

■ 












WW 

vvw 

WW 
WW 


W00 
0V00 
00y0. 
000V 




0 


I 






















' I 


0 




*n 


J3 


00W 
00W 

0.vyy 
- 00VV 


V 0 

V 

V 

0— V- 




0 


• V 













12,86 7 .08 



9.63 5 



,09 



a- The general model is Z = 3A*A'3' + -where B contains the measurement 

model, A and * depend upon the particular structural model, and 0 contains 
error variances. The rows and dolumns of Matrices A and * correspond to the 
8 components? Submatri'x *! i contains intercorrelatioris among word analysis . 
components; *2 2 contains intercorrelations among the higher-order components; 
and l\ represents the 4x4 identity matrix. Free parameters, or variables, . 
jar e„ denoted b y v. . . \. 



Model ll tested first against- Model 2, and then against Model 3. 
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Table 13, 



jJjternati^ve--S*3f«etur3fi~Mc5iaiSTF"fo^ 
Context Utilization Components 



Interactive 
Model *^ 



Com parisons with Model 1 



A 4, 



5. 




61 



2 



.74 



94 



.82 



"^-In all models.. Components 7 and 8 /are regressed on 
components 2-4 and 3-4, respectively. Intercorrelations 
among component^ are as indicated for Model 1 in Tabl.e 12, 
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. Table 14 



ACOVS Model for Cognitive Ability Tests 



6 



Factor 
C 



Tist Measure 



Speed of 
Closure 



Flexibility Perceptual Word ■ , Fluency of 
of Closure, ..Speed. Fluency Association 



1, Concealed Words 


.52 


r 


I 

I 


m 


a 

* 

ft 

\ I'- 


2. Geatalt completion 




p 


r 

'* 


0. 


0 


. . •■ ■' ' ' 
3. Hidden Figures (Power) 

if, 








r 




4. Hidden Patterns (Speed) 


.64 


•.32 






0 

r 


5. Fin(iing A's 




^ .• 


.36 


D 




6. Finding Identical Pictures 


r 


. 0 . 


'•90 






1 Word Endings 






ft 






8'. Word Beginnings , 

. ■ .4 


■ (? , 






.I?-^;^ 


— 0^"-: 


9, Controlled Associations 




i " 

J 


J. . 


1 , 




10, Doubly Constrained 




1> ■ 








' Associations , 






1 ■ 






IL Siaile Interptation 


U 








.45 ■'. 




■ f ' :■ 






1 ' 



o-'The ino'del uses'23 parameters to account for'^SS correlations. ' The test of fit yielded, X3:2 = 43.3, 

' ' . ' ' ..... •' ' • , ■ 

£«.,0d, Standard errors of parameters ^^^^^ 
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, ,■ Table 15 ' • p 
Correlations Among Cognitive Abiflity Factors*' 



B 



A. Speed of 
Closure 



1.00 



B. . Flexibility -.11 * -22 
of Closure 



1.00 



Perceptual \ 28 ± .24 
Speed 



.12 ± .18 1.00 



Word 
Fluency 



60 ± .23 ' . 39 ± .29 . 33 ± .19 1.00 \ 



E. . Fluency of' 
Assbdiation 



55 ± .21 .32 ± .26 .,40 ± .18 .86 ±^,11 l-^O 



^-Correlation greater than .25 are underscored. ^ 
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Table' 16 



Correlations of Reading Components with Cognitive Ability 
Factors Resulting from tl(e Interbattery Factor Analysis*" 



Component • 



Cognitive Ability Factor 



Speed of , /Fle^Hbility ■ ^ Pe'Jceptual iiord ^ Fluency of 
Closure tot Closure * Speed Fluency ° Association. 



I, . Letter Encoding -.05 

Efficiency • ^ • 

II. . Perceiving Multiletter %28 
• • 'ailits'^ ' 



III. Decoding Efficiency , -.3^ 

W. Word Recognition -.40 
■ ' Efficiency 



• V. Speed in Applying >15 
Context 

VL Extrapolating a " .35 
'Discourse Representation 
to 'upcoming Text 

'VIL . Assignment of -.34 
Tppicalized Antecedent 
as Referent 

vni. Semantic Integration . 03 

; ■ of Antecedents with a, 
: Discourse' Representation 



-.10 
-.14 

-.09 

;06 

.08 
*.02 



-.08 



.19 



-.31 

-.32 

•.44 
■.56 

-.23 

.20 



-.52 



■.33 



-.45 

-.39 

-.86 
-.61 

-.41 

.52 



-.45 



-.01 



-.25 

-.38 

-.57 
-.41 

-.29 
.70 



-.22 



.21 



n 

0 

I 

0 
3 

(D 
3 
ft 



H 0 

to Hi 
W 

(D 
P) 

H- 
3 



'Correlations having absolute value of .25 or greater are underscored. 



Table 17 



VaUaity Coefficients* 



i " 



Component 



Reading Tine 
For, Context 



Criterion Measure 



Nelson-Denny 
Speed 



Nelson-Denny 
Vocabulary 



Nelson-Denny 
Comprehension 



I. Letter Encoding 



.17 



IL Perceiving Hultiletter .20 
Units 

. m. Decoding , .70 

; ly, ' ttdrd Recognition .50 
Efficiency 

V. Speed in Applying .42 
; " Context 

'VI. Extrapolating a ' -.Ji 
•Discourse Representation 

VII. Influence' of Ibpicality ^23 
■, of Reference 

■ I' ' " 

■ VIII. Semantic Integration of .41 ■ 
: Antecedents 



-.18 



-.28 



-.17 



•.03 
.37 



-.17 



■•11 



-.31 
-.30' 

-.62 

-.35 

.00 
'.47, 
-.23 
.08 



-.20 
-.29 

-.68' 
-.51. ' 

-.21 

.59 
-.34 

.02 . 




Correlations of .25 or greater are underscored. 
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FIGURE CAPTIONS * 

Figure 1. Categories of reading processes and the 
nature of, their interactions. 

Figure 2. Schematic representation of the 

measurement model for tasks in the word analysis domain. 

The arrows denote the direction of causation in the 

model. Squares denote the observed variables {1-10''; in 

Table 2) / and circles the components (n -n ) , including 

I IV 

(I) Letter Encoding, (ii) Encoding Multiletter Units, 

(III) Decoding, and (IV) Word Recognition. The model 

uses 18 parameters to account for 45 correlations. The 

test of fit yielded v2 =38.3, 2 = -073. Standard 

21 

errors of parameters averaged .20. 



/ 



Figure J . ^Schematic representation of the 

measurement model for measures in the discourse analysis 

domain. Arrows denote direction of causation' in the 

model, and squares denote observed variables (1-6 in 

Table 4). n "n .denote the components • (VII) 

: ' VII IX . ■ ■ 

Automatic assignment . of topicalized antecedent as 

referent, (VIII) Schematic integration/evaluation %of 
antecedent with discourse representation, and (IX) 

Exhaustive retrieval of antecedents. e "e, represent 

" 16 ■ , ■ , 

measurement error ' specific to a single measure. 
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Chi-square (with 3 degrees of freedom) is 3.17, £ = .37. 
A test of -independence of the three components yielded. 



.2 = 1.82, E = .61. 

3 •'. 



' Figure 4. Schema'tic representation of the 
measurement model developed tot measures of context 
utilization (integrative skills). Arrows denote 

drrection of causation in the model, and squares denote 
observed variables. (Variables 1-8 are those in Table 
6; Variables 9 & 10 correspond to those in Table .2 — 
the depth of decoding of high-, and low-frecjuency words 
presented = in. isolation; Variables 11 & 12 correspond to 
Variables 4 \ in \ Table 4 — two 

measures of time for evaluating antecedents in reading a 

. ' , .'! ^ ' ' . ■ . 

sentence containing an anaphor.) n\ » n f'n » ^""^ 

I^y V VI 

^. denote the components (IV) Word recognition, (V) 

viii ■■■ .■ ^ . , . \ ■ ■ : / '' ■■ g 

Speed set in applying context, (VI) Extrapolation of 
discourse context, and ^ (VIII) Semantic integration 
within a discourse representation. Measures of 
Components.IV and VIII were included,, in order to 
partial out their- involvement in tasks related to the 
integrat.ive components (V and VI) . Chi-square for this 
measurement model was 45.8, with 42 degrees of freedom; 

^ . ■ ■ ■ - , / • . f' ■ ' 

£ = .316. Standard errors of parameters averaged .11, 
Only the two^ significant' component intercorrelations are 
represented in the diagram. ' . .. ' 



^ Components of Reading 

• ' ■ . ' .■ 127 

Figure 5. ACOVS model for tasks in the vord 

analysis domain. The arrows denote the direction of 

causation - in this model. Squares denote the observed 

variables (Y -Y ) and circles the. manifest components.. 
"1 "10 

n -n denote, respectively, the components (I) Encoding 

I IV = • 

letters, (II-) Encoding multiletter perceptual units, 

(HI) Phonological decoding, and (IV) Word recognition. 

C and C represent unique components; and e -e ■ 
III IV \ ... 1 10 

represent measurement error variance Specific to a 

single measure. 



7 ' Figure 6. Causal model relating two components of 
discourse processing, (VII) Assignment of topicalized 
referent and (VIII) Semantic integration of antecedents 
within a discourse , representation, to components of word 
analysis: (I) Letter' recognition, .(II) Multiletter\unit 
identification, (III) Decoding, and (1^) . Word 
recognition. In the model, there are direct structural, 
relations between perceptual/decoding components and- 
discourse processing components. 

. ; Figure 7. Sttpctural. model relating two components 
of context utilization, (VI) ' Extrapolating^ discourse 
representation and (V) Speed set in utilizing., highly, 
predictive contextr to components of word anailysis:^. (I) 
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Letter identification, (II) Multiletter unit 
identification/ (HI) Decoding, and (IV) Word 
recognition. In this model there are no direct effects 
of perceptual/decoding components on high-level 
components. / 
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INTEGRATIVE PROCESSES 

• Generating Extrapolations From Text Model 

% Combining Information From Perceptual and 
' Contextual Sources For Lexical Retrieval 

I Retrieving and Integrating Word Meanings 
With Text Model , ' . 



EFFECT; To Reduce Level 
of Word Analysis Required 
for Lexical Retrieval 



EFFECT" To Increase 
Confidence in the Text Model; 
To Induce a Text-Sampling 



INFORMATION PASSED . INFORMATION PASSED 

Semantic ! 



Phonological 



Propositional 



WORD ANALYSISPRdCESSES; 

f Grapheme Encoding 

• Encoding Multigraphemic Units 

• Translating Graphemic Units to 
Phonemic Units 



1 



• Assignir 
Patterns to IMultil Word Units 

|e.g., Intonation, Stress, Fluencyl 
0 Retrieving Lexical Categories 



DipiiRSE ANALYSIS PROCESSES 

• Parsing Sentehce.Constitufflts 

9 Conceptual Analysis of 
Constituents , ' . , 

• Analysis^pf'Case Relations 

0 Recursive Sentence Processing 

t Establishing Cohesive Relsitiphs 
Among Propositions 

• Text-Based Inferential Processing 
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